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WATCO Forms Permit Stripping A 
Complete Beam In One Operation 
To Reduce Handling, Labor Costs 


All steel WATCO Forms are produced in 10-ft. sections. The 
forms can be handled in multiples of 10-ft. to facilitate 
stripping and handling of a complete beam in one operation. 


By reducing set-up and stripping time, labor costs go down 
. profits go up. Forms are ruggedly constructed to take this 
type of handling without damage or excessive stress to the forms. 


An efficient prestressing operation must have the proper tools 
so that the least amount of labor is required. WATCO Forms 
are available to produce all standard prestressed concrete 
sections. When installed in your plant they will put you into 
efficient, profitable production . . . fast. Write or call for 
our recommendations for your plant. 


PLANT CITY 
Welding & Tank Company 


P.O.BOX 1308 PLANT CITY, FLORIDA 
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This unusual monolithic prestressed beam and slab design resulted 
from alternate bids permitted by Philadelphia’s progressive Depart- 
ment of Streets* . . . Savings of more than 20% over conventional 
steel design were passed on to the taxpayers. 

Each 120 ft. long span, 34 ft. wide; including two traffic.lanes. 
sidewalk, and half of the center median strip was concreted in one 
continuous 260-yard operation . . . Since 8-10 hours elapsed during 
placement, Plastiment was specified to control initial set. Plastiment 
provided these additional benefits: better compaction, greater density. 
and faster development of stressing strength. 

Your clients will benefit from the better structural quality of 
Plastiment concrete . . . Specify Plastiment for your next job... 
Write for Bulletin PCD. 

AD 26-7 


*David M. Small d, Street C 
Noel W. Willis, Chief Bridge Engineer 





The Preload Company, Inc., New York City— Consulting Engineers 
The Conduit & Foundation Corporation, Philadelphia — Contractor 
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E ‘ DISTRICT OFFICES: BOSTON * CHICAGO + DALLAS 
Plastiment concrete in 7 foot deep beams © DETROIT © PHILADELPHIA * PITTSBURGH 
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standards : 
high 
for pre-stressed 


strength 
concrete in Just 
seconds! 





SMITH 
TURBINE-TYPE 
MIXER 


This is the phenomenal 
new mixer which 

has averaged out 

four times faster than 
conventional types — 
WITH MUCH HIGHER 
STRENGTH RESULTS. 


“LIVE X MIX” 


is the reason! 





Mixing is in a doughnut-shaped drum. There is no “dead center” area. Blades 
set up a braiding action which breaks down centrifugal forces. Mixing is at a 
peripheral rate of six hundred feet per minute ! 


Data is available for both heavyweight and lightweight 
concrete mixes. Write for details. 


THE T. L. SMITH COMPANY 


Since 1900 the pioneer designer and 
foremost manufacturer of the world’s finest mixers. 


Milwaukee, Wisconsin e Lufkin, Texas 
Affiliated with Essick Manufacturing Company «¢ Los Angeles, Calif. 
A8-4045-1P 
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CONCRETE STRAND 


With the rapid acceptance and in- 
creased use of prestressed concrete 
structures, more and more quality- 
conscious prestressing plants are dis- 
covering the advantages of CF«I 
Prestressed Concrete Strand. 


As a leading producer of wire and 
wire products, CF&I maintains quality 
controls which enable them to make 
Prestressed Concrete Strand to exact- 
ing specifications. This 7-wire, un- 
coated strand is stress-relieved after 
stranding which improves its elastic 
properties, flexibility, ease of handling 


Uk 





Detroit * New Orleans * New York ° 


Amarillo * Billings * Boise * Butte * Denver * El Paso * 
(Neb.) * Los Angeles * Oakland * Oklahoma City * Phoenix * 


Lake City * San Antonio * San Francisco * San Leandro * Seattle ° 
Toronto 


CF&l OFFICES IN CANADA: Montreal * 


CANADIAN REPRESENTATIVES AT: Calgary * Edmonton * 








March 1958 


PRESTRESSED CONCRETE STRAND 
THE COLORADO FUEL AND IRON CORPORATION 


_ Inthe East: WICKWIRE SPENCER STEEL DIVISION—Atianta * Boston * Buffalo * Chicago 
Philadelphia 

In the West: THE COLORADO FUEL AND IRON ee 
Ft. Worth * 
Portland * Pueblo + Salt 


Vancouver * 


and guarantees more uniform physical 
properties. It has excellent bonding 
characteristics which make it ideal for 
pretensioned applications. 


Other CFal Products for 
THE PRESTRESSED 
CONCRETE INDUSTRY 


Clinton Welded Wire Fabric 

CFal Concrete Reinforcing Bars 
Cal-Tie Wire 

CFal Wire (High and Low Carbon) 
Wickwire Rope and Slings 
Prestressed Concrete Wire 
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Here’s HYDRO-MAGIC*- UNMATCHED 





PRECISION AND SPEED IN TIGHT PLACES 


It's HYDRO-MAGIC when a Hydro- 
crane operator can crack an eggshell 
with a nine-ton load without damag- 
ing the egg. This same hydraulic 
precision control makes Hydrocranes 
the best cranes available for concrete 
erecting. More and more concrete 
erectors are recognizing the advan- 
tages of this unmatched control — 
and of the many other important 
Hydrocrane features: 


SQUEEZE-IN COMPACTNESS, fea- 
turing the shortest tail swing in the 
business, lets the Hydrocrane work 
in any spot big enough to hold the 
truck. 


TELESCOPING BOOM reaches 
over, under, between beams, build- 
ings, columns and wires to set the 
load precisely where you want it. 


FLUID SOFT TOUCH lets operators 
inch loads into place. 


QUICK-SET HYDRAULIC OUTRIG- 
GERS increase stability, permit fast 
set-ups and take-downs for travel, 
make possible 5-ton (H-3) and 10-ton 
(H-5) crane capacities on standard 
commercial trucks. 


TRAVEL SPEEDS up to 50 mph 
move distant jobs into your profit 
range. 


Your Bucyrus-Erie Hydrocrane dis- 
tributor is anxious to show you all 
these advantages in action on your 
next erecting job. Call him and ar- 
range the date. Ask him to show you 
the color movie, entitled “HYDRO- 
MAGIC”. * 
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A Familiar Sign... BUCYRUS | . - at Scenes of Progress 


BUCYRUS-ERIE COMPANY * SOUTH MILWAUKEE, WISCONSIN 
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BEST FOR POST-TENSIONING .. . 
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Grout Tuse ¢ 

[ DUOFLEX* 3 

42) Sy ovis lL Rob,-STRaND & 
ti CABLE CASING & 


There is only one DUOFLEX casing specially designed for post-tensioning 
prestressed concrete used over bar, strand, or cable 


DUOFLEX is designed for the greatest possible economy to keep your bids low — 
providing the best possible price for casing delivered to the job-site. 


DUOFLEX casing has no peer. It is designed right and made right. 
Specify DUOFLEX casing and Grout Connections and be right on all counts. 


FLEXICO PRODUCTS, INC. 


Flexible Metal Hose and Tubing for Industry 





Metuchen, New Jersey 
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CUMFLOW mixers are available in 6 sizes, from 2 cu. ft. lab. models to 50 cu. ft. pre- 
duction models. Stationary or portable, with or without skip. Power optional. Mixers 
furnished for electric, gasoline or Diesel power operation. 















CUMFLOW SCIENTIFIC MIXING SYSTEMS 


Manufactured by THE LINER CONCRETE MACHINERY COMPANY, 
LTD., of Gateshead, England 


The CUMFLOW SCIENTIFIC 
MIXING SYSTEM is designed and 
built expressly for the precast and 
prestressed concrete industries. Using 
this system you can obtain from 15 
to 40 uniformly mixed batches of con- 
crete per hour. CUMFLOW mixes 
any type concrete desired — slump, 
plastic or wet mix, lean or rich mix, 
fine or coarse mix, light or heavy mix 
—with 100% efficiency and uniformity. 

The CUMFLOW SCIENTIFIC 
MIXING SYSTEM consists of a mixer 
star supported eccentrically over the 
mixing pan. The star revolves at a 
relatively high speed. Blades attached 
to the star are arranged so as to ob- 
tain the maximum number of points 
of intersection during revolution. 
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Batched materials are fed continu- 
ously to the mixing star by the pan’s 
revolutions and are mixed evenly and 
thoroughly in a matter of seconds. 
Further mixing action is obtained by 
fixed side blades. This unique system 
gives an absolute clean pan after each 
discharge — no part of the mix is car- 
ried over to the next batch. 


CHECK THESE IMPORTANT 
ADVANTAGES 


Every batch uniform; no variation whatsoever 
Greater strength concrete 

with minimum cement content 

Balling or segregation impossible 
Self-cleaning pan 

Up to 11,700 psi concrete possible 

From 10% to 25% savings in cement content 
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The CUMFLOW SCIENTIFIC 
MIXER SYSTEM was perfected after 
years of research to meet a growing 
demand by engineers for a more in- 
tensive mixing element which would 
give them complete control of the 
product at all stages . . . a feature 
not obtainable in conventional-type 
mixers. 

One user of this system, with a 
cement bill of $1,00,000 a year, says: 
“On tests, we have found Mixer A 
gave us 4,200 psi; the CUMFLOW 
gave us 6,000 psi concrete. We re- 
duced the cement content in the 
CUMFLOW by 25% and were able 
to obtain 5,000 psi concrete. We have 
also obtained concrete of 10,000 to 


11,000 psi in this mixer.” 

The CUMFLOW SCIENTIFIC 
MIXERS, manufactured by the Liner 
Concrete Machinery Co., Ltd., Gates- 
head, England, are built on the lines 
of a machine tool. They are not to be 
confused with conventional-type mix- 
ers. Available on a world-wide basis, 
with several parts depots maintained 
in America for prompt replacement 
service. 

To realize savings of from 10% to 
25% on cement costs, and to produce 
uniform mixes every time, write us, 
advising in cu. yds., the production 
needs per hour of your plant. We will 
promptly forward details of the size 
mixer best suited to your needs. 


The Basalt Rock Co., Inc., Napa, California, is one of the many North American users of 
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9201 SAN LEANDRO STREET 
5961 YEW STREET 6 
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LINER CUMFLOW SCIENTIFIC MIXER SYSTEMS. 


VANCOUVER 13, BRITISH COLUMBIA @ 


Distributor and agent in North America for 
the LINER CONCRETE MACHINERY CO., 
LTD., Gateshead, England. 


-:;CUMFLOW 


MIXER 


ENGINEERING 


OAKLAND 3, CALIFORNIA 
CANADA 
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60’ bridge girders, Market Street Bridge, San Francisco, California. Precast 
by Basalt Rock Company, Inc., Napa, California. City and county of San 
Francisco, California. 


when the job is done | 


and all the facts are in— 
you'll find 


STRESSTEEL 


overall cost is lowest! 


There is reason for the tremendous growth in the use of STRESSTEEL for’ 


prestressed concrete. Increasing numbers of users find... 


@ STRESSTEEL is the lowest in-place cost post-tensioning material. 
@ STRESSTEEL handles faster, providing lower labor costs for placing 


and tensioning. 
@ STRESSTEEL proof-tests every bar, assuring controlled quality. 


@ STRESSTEEL Wedge Anchor Units provide positive end anchorage. 


It is the fastest, safest and easiest post-tensioning method. 


@ STRESSTEEL tensioning equipment for rent and sale at nominal cost. 


____ Write for new illustrated manual SS-3 

















221 Conyngham Ave. | 
WILKES-BARRE, PENNA. 
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Ben C. Gerwick, Jr. 


President 
one The complete dependence of the industry on 
Vice President quality in the design and manufacture of struc- 
Peter J. Verna, Jr. tural units again was reiterated at the Second 
Secretary-Treasurer National Prestressed Concrete Short Course at 


Ellinor Village, Daytona Beach, Florida, January 
27 to 31. Speaker after speaker emphasized that 
the future success of prestressed concrete de- 
pends on continuous improvement. 


DIRECTORS 
Philip E. Balcomb 
Forrest S. Burtch 
Douglas P. Cone 


eee A aot The ever growing interest in the industry was 
Penge We. Save indicated by the registration of about 400 people 
4. Raita Seay from 40 states, Canada, the British West Indies 
veins thetic and Puerto Rico in the course co-sponsored by 
Seosls ©. VGiedk the Civil Engineering Department of the Uni- 
EXECUTIVE SECRETARY versity of Florida at Gainesville, and The Pre- 
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seenees ware, enen encouraging part of the meeting was their en- 

me inal thusiastic desire to learn more about the various 
eg phases of the industry. 
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MAGIC on 





By Col. Martin P. KORN 
Executive Secretary 
Prestressed Concrete Institute 


Dramatic Demonstration of 


Prestressing Amazes 


Spectators At Beam Test 


Test described conducted by Prof. 
A. M. Ozell, College of Engineering, . 
University of Florida, Gainesville, 
Florida 


It happened near Jupiter, Florida, not 
too many months ago when Juno Prestressors 
put on a show. A. beam was to be tested. 
Was that the only attraction . . . just a 
test? 

A beam is a beam and there is nothing 
new in that! But this test was to be dif- 
ferent, for many were curious, or skeptical, 
or both. And so they came — architects, 
engineers, contractors and builders. 

The beam was a 14” prestressed concrete 
channel section, 2’-6” wide, 63’-0” long, 
original camber plus 4”, design live load 
30 Ibs. per sq. ft. The beam was loaded with 
one live load and down went the beam,,. 
the camber reduced to plus 15%”. 

A second live load was added and down 
went the beam again, now registering a 
deflection of -1%”. The beam, loaded with 
60 lbs. per sq. ft., had gone down 5%” at 
its center seemingly like rubber, not a crack 
in sight. Curiosity was ripe. 

What if a third live load were added? 
Would they dare? Any beam of steel or rein- 
forced concrete would hardly be expected 
to look happy under two live loads. Cer- 
tainly not reinforced concrete which would 
surely show cracks. But three live loads — 
was not that asking too much of prestressed 
concrete? 

The producer did not think so nor was 
he backing away from a challenge. So the 


This article was originally published in the 








word was passed around that a third live 
load would be added. And the loading 
began. 

Cement blocks one after another dis- 
tributed symmetrically, went to work, the 
beam went down and down, an inch, and 
another inch; finally more than one foot. 
The crowd stepped back. What if the beam 
collapsed? Anything could happen. Every- 
one seemed primed for the climactic mo- 
ment — a drama of stress and strain and 
then... ! 

Silence, suspense, anxiety! Breathing 
seemingly stopped. The third live load was 
completed. Nothing was happening. The 
beam held fast, the audience with it. A 
pause and then the group moved close; some 
cracks had appeared, they were hardly more 
than _hairlines. 

Deflection now registered -9”, a drop 
of 13” at center of beam! Talk about rub- 
ber, here was prestressed concrete, a struc- 
tural material, load bearing and certainly 
putting on a show of strength, its muscles 
flexed under a live load of 90 Ibs. per sq. 
ft., three tithes its design load! Now what 
did the spectators think? 

Granted the beam was strong. But just 
because it stood up under three live loads 
like rubber didn’t mean it was good any 
longer, or was it? 

One live load was removed and the beam 
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recovered from a -9” deflection to 2%”. 

A second live load was removed and the 
beam moved up to show a camber of plus 
1%”. What now? 

The third and last live load was removed 
and the beam seemed to bounce up in 
victory — its camber restored to plus 3%”. 
Surprise and thrills reflected in the expres- 
sions of the spectators. Not a crack was 
visible. All had disappeared. Recovery was 
almost complete. A permanent drop of a 
mere %” after that herculean display of 
strength and resiliency. Was it reality or 
magic in that prestressed concrete? 

Reality, as attested by numerous similar 
tests of varying types of prestressed con- 
crete’ products around the country. A rein- 
forced concrete beam could not have made 
it if only 14” deep. Not even a steel beam. 
Here then was something for the archi- 
tects, engineers, contractors and builders to 
ponder. 

Prestressed concrete has strength, but it 
has something more. It had _ resiliency 
greater than reinforced concrete or even 
structural steel, a natural for dynamic load- 
ings. It spells economy in costs, no main- 
tenance, savings in headroom by virtue 
of its shallower depths. It is available for 
quick delivery and erection. It offers ver- 
satility. Yes, the magic of prestressed con- 
crete is now a reality. 











THE EMELUENGE OF 


BY A. M. NEVILLE, 
M.C.(POL.), M.SC.(ENG.), 
LECTURER IN ENGINEERING, 
UNIVERSITY OF MANCHESTER, 
MANCHESTER, ENGLAND 


§ INTRODUCTION 

Creep is an inherent property of con- 
crete, and no concrete structure subjected 
to a sustained load is free from the effects 
of creep. In some reinforced concrete struc- 
tures creep may be of little importance; in 
others, it may lead to stress re-distribution, 
often, but not always, of a beneficial nature. 
In prestressed concrete, however, creep is 
of singular importance: it is, in fact, re- 
sponsible for the failure of all early at- 
tempts at prestressing, in which mild steel 
with a prestress of the order of 30,000 
p.s.i. was used. As is well known, it was 
only when steel with a very high elastic 
limit, and therefore large elongation at 
prestress, was used that the losses in pre- 
stress due to creep and shrinkage of con- 
crete were reduced to only a fraction of 
the initial prestress. 

The design of prestressed concrete struc- 
tures requires an accurate estimate of the 
creep which will take place. The influence 
on creep of mix proportions and storage 
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conditions has been investigated in the past 
but the mechanism of creep of concrete 
has not been determined with any degree 
of certainty(1). It is known, however, that 
it is the cement paste that is primarily re- 
sponsible for creep. Creep is, therefore, 
likely to be related to the structure and 
chemical composition of the hydrated ce- 
ment, which, in turn, is a function of the 
chemical composition of the clinker. Corre- 
lation has been obtained for some other 
properties of hydrated cement, and equa- 
tions in terms of parameters of cement com- 
ponents have been written for strength,(?) 
heat of hydration,(*) specific surface of the 
cement paste,(4) and shrinkage(5). It would 
be reasonable to expect a similar equation 
for creep. This, it is believed, could be 
obtained for laboratory-made cements but 
in the case of commercial cements there 
are factors additional to the potential. chem- 
ical composition, notably the rate of cooling 
of clinker and the resultant glass content. 
These factors are known also to affect 
the strength and thus vitiate a simple 
prediction from the composition of clinker 
in the case of strength, too. 


In this paper, the creep data obtained 
by various investigators for cement of dif- 
ferent types are reviewed. This is followed 
by a discussion of the results obtained by 
the author who is continuing a systematic 
investigation of creep of various cements. 


INFLUENCE OF TYPE OF CEMENT 
ON CREEP IN COMPRESSION 


For concrete loaded in air, creep ap- 
pears to be inversely proportional to the 
rapidity of hardening of the cement used. 
Thus creep at the same age will be in 
an increasing order for concretes made 
with the following cements: Aluminous, 
Rapid Hardening (Type III), Standard Port- 
land (Type I), Portland Blast Furnace, Low 
Heat (Type IV) and Portland Pozzolana. 
The order of the last three is not defin- 
itely established as test conditions were 
not directly comparable.(6,7) It is known 
that at the same age these cements have 
achieved varying proportions of their final 
strengths when mature: it is logical that 
the more hardened the paste the more rigid 
it is and the less susceptible to creep. A 
better and more practical picture would, 
therefore, be obtained by comparing creep 
at ages corresponding to the same relative 
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maturity, e.g. 1 day for aluminous cement 
and 28 days for Standard Portland (Type 
I) cement. 


The behaviour of Portland Blast Furnace 
cement concrete was compared fully with 
that of standard Portland cement concrete.(®) 
The creep-time curves are of the same 
charactertistic shape but the former creeps 
vary much more than the latter. A 1:2: 4 
mix concrete with 0.65 water-cement ratio 
under a stress of 400 psi for 110 days 
showed a creep of 104 x 10-5 when made 
with Portland Blast Furnace Cement, and 
only 63 x 10-5 when made with Standard 
Portland Cement. The strengths of the two 
concretes were 2555 and 2905 psi re- 
spectively. It is interesting to observe that 
shrinkage was practically the same for 
the two concretes: it seems that high 
shrinkage and high creep are not necessarily 
concomitant. 


A comparison of Low Heat cement (Type 
IV) concrete with standard Portland ce- 
ment (Type I) concrete(8) showed that 
the creep in the former case is some 80 
per cent in excess of the creep of Normal 
Portland cement concrete. This value was 
found for the same age of the two con- 
cretes when both were air-stored and also 
when they were water-stored. 


While standard Portland cement (Type I) 
concrete creeps in compression very much 
less in water than in air,(1®) the difference 
in the case of Rapid Hardening cement 
(Type III) is very much smaller.(11) As a 
result, the creep of standard Portland ce- 
ment concrete is greater than that of 
Rapid Hardening Portland cement concrete 
when loaded in air, while the reverse is 
the case when loaded in water. 

Very little is known about the creep 
properties of aluminous cement concrete. 
The shape of its creep-time curve is dif- 
ferent from those of all the Portland ce- 
ments.(12) All these start at parabolas, then 
their slope falls off steadily and they ap- 
proach asymptotically a limiting value. On 
the other hand, for aluminous cement con- 
crete, the parabolic part is followed by 
a straight line, i.e. the creep continues at 
a constant rate during a period of some 
five years and then the rate decreases 
steadily, the final creep probably approach- 
ing a limiting value. 

Some comparative figures for specific 
creep (per Ib. per sq. inch) at one year of 
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air storage of 1 : 2 : 4 concretes loaded at 
28 days are given by Glanville:(1°) 
Aluminous cement 0.25x10-6 
Rapid Hardening cement (Type ITI) 0.39x10-6 
Normal Portland cement (Type I) 1.02x10-6 

The behaviour of aluminous cement con- 
crete loaded in water is even more unusual: 
its creep in water is higher than in air, 
while the reverse is the case with standard 
and Rapid Hardening Portland cement con- 
cretes. There seems to be a strong case for 
further and fuller tests on creep of alumi- 
nous cement concrete. 


INFLUENCE OF TYPE OF CEMENT 
ON CREEP IN TENSION 


Creep in tension is difficult to measure 
but it of great interest in the case of mass 
concrete subjected to the usual hydration 
temperature cycle. It has been found that 
in Portland-Pozzolana and Low Heat ce- 
ment concretes,(7) unlike Normal Portland 
cement, the temperature of the mass drops 
well below the initial temperature before 
failure occurs. This indicates that, apart 
from a lower rate of heat generation, these 
cements are capable of greater tensile creep. 

Standard Portland (Type I) and Rapid 
Hardening Portland cement (Type III) con- 
cretes show practically equal shrinkage but 
standard Portland cement affords greater 
relief of stress when restrained. Stress due 
to shrinkage reaches a maximum value a 
few months after casting and then de- 
creases, the decrease being more marked 
in the case of standard Portland cement 
concrete.(®) This is similar to the effects 
of different rates of shrinkage. The total 
shrinkage of a concrete specimen is the 
same regardless of whether it has been 
allowed to dry out immediately after cast- 
ing or after a period of curing. Since the 
rate of creep is lower the greater the age 
when shrinkage becomes operative, it fol- 
lows that the relief of stress due to creep 
will be less for the moist cured concrete, 
and consequently, shrinkage stresses in mem- 
bers subjected to prolonged curing and 
subsequently allowed to dry, may be greater 
than in similar members allowed to dry out 
at an earlier age. At the same time, the 
greater the age the greater the tensile 
strength of concrete and the greater its 
extensibility. 

INFLUENCE OF FINENESS 
OF CEMENT ON CREEP 


It is possible that creep may be affected 
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not only by the chemical composition of 
cement but also by its fineness. Unfor- 
tunately, on the basis of the data available 
this effect seems to be complicated and 
non-uniform for various cements. 


In the case of standard Portland cement 
(Type I) concrete, creep was found to be 
greater the finer the cement. Low Heat 
cement (Type IV) concrete was observed 
to creep more than concrete made with 
standard Portland cement of the same fine- 
ness, but when coarsely ground (1300 sq. 
cm. per gram) it exhibited a much greater 
creep and also a greater rate of creep at 
all ages.(8) This is rather difficult to explain 
in terms of fineness alone, but it is pos- 
sible that the gypsum content is responsible 
for this apparent anomaly. The finer the 
cement the more tricalcium aluminate is 
available at early ages and the less ef- 
fective is a given quantity of gypsum. Such 
lack of retardation produces a cement of 
high shrinkage and creep tendencies.(1%) 
If the Type I cement was re-ground without 
the addition of gypsum, the resultant ce- 
ment may have had a gypsum content below 
the optimum amount, and this would have 
resulted in increased creep. If the gypsum 
content of fine cement is increased to the 
optimum value, the creep tendency would 
decrease, probably owing to a reduction in 
the specific surface of the gel formed.(1*) 


Another aspect of the influence of fine- 
ness is its effect on the rate of hardening. 
For instance, old, mass concrete structures 
built with coarse cement show little crack- 
ing, even in a dry climate. On the other 
hand, where modern, more rapid hardening 
Portland cements of higher fineness have 
been employed, mass structures have shown 
frequent cracks of considerable intensity. 
This can be accounted for by the differences 
in shrinkage and creep characteristics of con- 
cretes made with cements of different rates 
of hardening. 

Whether fineness is a factor per se in 
creep, and not only of indirect influence 
through its effect on the rate of hardening, 
remains yet to be determined experimen- 
tally. 

USE OF EXPANSIVE CEMENTS 

The possibility of development of creep- 
less concrete through the use of expansive 
cement ought to be mentioned. Lossier (15 
16) found that 0.5 per cent of expansive ce- 
iment added to standard Portland cement 
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reduced creep by 10 per cent; 1.5 per cent 
of expansive cement had the effect of halv- 
ing the creep. It is hoped that further tests 
will be made in this field: creepless concrete 
would be particularly interesting in the field 
of pre-tensioned concrete. 

RESULTS OF PRESENT TESTS 

The figures quoted above are only quali- 
tative, particularly since within each type 
of cement there is a considerable variation in 
composition. The only way to a full under- 
standing of the influence of cement compo- 
sition lies in a systematic study of creep of 
concretes and mortars made with a variety 
of cements of known characteristics. Such 
a study has been in progress for two years 
but it is necessarily slow and it may be a 
number of years before comprehensive data 
will have been obtained. 

In the present series of tests eleven dif- 
ferent cements have been tested. The stand- 
ard specimen used was a 2 inch diameter 
by 9% inch high cylinder made of 3: 1 
sand : cement mortar with a water-cement 
ratio of 0.4. The sand was pure silica 
Leighton Buzzard standard sand (similar to 
Ottawa sand); thus the possible influence of 
the grading and creep of the aggregate was 
climinated, and the difference in creep of 
different mortars should be caused solely 
by the different cements used. 

All specimens were cast in a similar man- 
ner at 20°C, the compaction being pro- 
duced by means of a vibrating table. Five 
hours after casting the specimens were 





































Figure 1-——Apparatus for the application of sus- 


tained load: measuring the strain in the mortar 
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Figure 2—Creep-Time curve for mortar made with cement E4: plot for five similar cylinders. 
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; oe 28-Day Load Applied Creep After 
Cement | Approximate Description | Cylinder* as a Percentage 60 Days Under 
No. Strength of 28 Days Sustained Load 
U.S. p.s.i. Strength of 2150 p.s.i. 
British Type (10-5) 
El Ordinary | 4080 52.5 63 
Portland | | 
| 
E2 Ordinary — 3770 57 59.5 
Portland | 
E3 Ordinary 5150 415 42 
Portland | | 
E4 | Low Heat v =| S180 Cd 415 45 
Portland | 
E5 | Ordinary | 3810 56.5 Ss 
Portland | 
| 
E6 Rapid- 
Hardening i 4470 48 59 
Portland 
E7 Ordinary il 5350 40 41 
Portland 
Eg White — 4510 47.5 52 
Rapid- 
Hardening it 6030 35.5 44 
Al Portland 
Siphate- 
A2 Resisting Vv 4910 43.5 47 
Portland | | 
LI High Aluminous 6200 | 34.5 26.5 
Alumina | | 
| 

















*Cylinder 2 inch diameter x 9% inch high. 


capped with neat cement; at 24 hours they 
were stripped and immersed in water at 
20°C until the age of 27 days. They were 
then transferred to a constant temperature 
(20°C) and constant humid’iy (95 per cent) 
cabinet. At the age of 28 days the speci- 
mens were loaded to a constant stress of 
2150 psi in a specially designed appara- 
tus(17), (Fig. 1) and kept continuously in the 
cabinet. 

The strain in the mortar was measured by 
a Whittemore-type strain gauge engaging 
cast-in gauge-points on two opposite sides 
of the cylinder. A typical creep-time curve is 
shown in Fig. 2, both the creep and time 
being reckoned from the instant when the 
load was fully applied. 
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The cement characteristics together with 
the total creep after sixty days under load 
are given in Table I. Some trends in the 
magnitude of creep with the chemical com- 
position of cement may be seen but at this 
stage no definite relationships can be written 
down. On the other hand, the inversely pro- 
portional relation of creep to strength of 
mortar is easily observed. This is more con- 
veniently expressed in the form of a rela- 
tionship between creep and the percentage 
of the ultimate load to which the specimen 
was subjected. For the range of percentages 
of the ultimate load tested, this seems to be 
approximately in the form of a straight line, 
shown in Fig. 3. 

This figure includes data for cements of 
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Figure 3—Creep of mortars of various strengths loaded at the age of 28 days and subjected for 60 days 


to a sustained load of 2150 psi. 


Type I, III, IV, V, white cement and alumi- 
nous cement, all of which seem to satisfy 
one relationship. It must be remembered 
that all specimens were subjected to the 
same stress. There seems, therefore, to exist 
a strong possibility that the inherent strength 
of cement is the primary factor in creep of 
mortar and concrete made with that cement. 
It is well known that the magnitude of load, 
the age at loading, the mix proportions, the 
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type of aggregate, and other mix properties 
affect creep, but the present data indicate 
that for any given mix and load it is the 
strength of cement that seems predominantly 
to affect the creep: stronger cement would 
result in lower creep. The results quoted 
here are expressed in terms of the mortar 
strength at the age of 28 days; obviously it 
is the strength during the whole sixty days 
under load that is relevant but since creep 
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decreases rapidly with time (Fig. 1) the 
strength at the time of loading will be of 
paramount importance. The differences in 
later strength development will, however, 
be reflected in the scatter of the results 
obtained. 

The strength of cement has been shown 
to be a function of its chemical compo- 
sition (7) and, through this medium, it should 
therefore be possible to transform the creep- 
strength function into the creep-composition 
relationship. There are, however, serious 
difficulties in the application of the theoreti- 
cal strength-composition relationships to 
commercial cements manufactured in dif- 
ferent works; these difficulties have been 
mentioned earlier. For this reason only the 
strength-creep relationship is presented. In 
practice, the strength of cement is more 
often determined than its chemical composi- 
tion, and the present relation should be 
easily applicable. Needless to say, quantita- 
tive data would be required for any set of 
conditions, but, ceteris paribus, the effects 
of change of cement characteristics would 
be expected to follow a pattern similar to 
that of Fig. 3. 


CONCLUSIONS 


From the test results of various investiga- 
tions, reviewed in the earlier part of the 
paper, it seems that, broadly, higher strength 
cements lead to lower creep. It is not pos- 
sible, however, to infer a definite relation 
between creep and cement characteristics. 
This is mainly due to the fact that in many 
of the tests reported no details were given 
of the strengths of the concretes made with 
different cements, nor was full information 
about these cements included. 

The tests performed to date by the author 
deal with only one load, one storage con- 
dition, one mix, one paste content and one 
water-cement ratio, but they show the be- 
haviour of different cements (Portland and 
aluminous, but not Blast Furnace and Poz- 
zolana) under this one set of conditions. It 
seems that for these conditions creep is 
inversely proportional to the strength of 
cement, i.e. other things being equal, the 
stronger the cement the lower the creep. 
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Figure 1—Fatigue machine used in the tests 
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THE purpose of these tests was to study 
the behavior of composite pretensioned pre- 
stressed beams under repetitive loading. 
Previous tests’ indicated that under static 
loading natural bond between the two con- 
cretes, even on smooth contact surfaces, was 
sufficient to develop full composite action 
without any mechanical tie between the pre- 
stressed and cast-in-place portions of com- 
posite beams. It was believed, however, that 
the use of a few shear ties would insure 
this action under repeated design loads and 
over-loads. 

Four 20 ft. long beams were tested. The 
plane of contact of the prestressed portion 
was trowel smooth finished. Only four No. 
4 shear ties spaced at 6 in. at each end of 
the composite beam were provided to pre- 





1Ozell, A. M., “Behavior of Simple-Span Com- 
posite Prestressed Concrete Beams,” Journal Pre- 
stressed Concrete Institute, June, 1957, p. 18. 
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vent the separation of the concretes. 

A fatigue machine of the constant-deflec- 
tion type was used (Fig. 1). This machine 
was designed and built in the testing labora- 
tory of the Civil Engineering Department 
of the University of Florida at Gainesville. 
Essentially it consists of a rocker arm con- 
nected to an adjustable eccentric driven by 
an electric motor. The rocker arm is con- 
nected to the eccentric through a dyna- 
mometer which measures the load applied 
to the specimen. 

Description of Specimens: Each of the 
composite beams consisted of a rectangular 
prestressed portion 8 x 10 in. and preten- 
sioned with three 7/16 in. seven-wire 
strands (initial tension of 18,900 lbs. per 
strand) placed 2 in. from the bottom of the 
beam. The strands were straight and bonded 
along the entire length of the beam. 

Two groups of beams were tested. In one 
group, the cast-in-place portion was 8 x 10 
in. resulting in a rectangular composite sec- 
tion 8 x 20 in. In the other group the cast- 
in-place portion was a 3 x 34 in. flange 
resulting in a tee-section for the composite 
beam. The reinforcing for the flange con- 
sisted of No. 4 bars spaced at 5 in. longi- 
tudinally and 6 in. transversely. Details of 
specimens are given in Fig. 2. 

The prestressed portions of the composite 
beams were wet-burlap cured for four days 
before stress release at which time the 
cylinder strength was in excess of 4,000 psi. 
Mix design per cubic yard of concrete was 


1094 Ib. Tavares sand (Fineness modu- 
lus: 2.30, specific gravity: 2.63) 

1880 lb. Brooksville stone (SRD type 
9; specific gravity: 2.52) 

The cast-in-place portion was cast with a 
4,000 psi concrete obtained from a local 
ready-mix plant and was vibrated mechani- 
cally. and wet-burlap cured for five days. 
The contact surface was not grouted but 
kept wet for several hours before casting. 

Fatigue Loading: All the beams were 
loaded at quarter points through a 27 W F 
94 loading beam, as shown in Fig. 3. The 
total superimposed fatigue loading for beam 
R 1 varied between minimum load of 1880 
to maximum load of 16530 Ib. and for beam 
R 2 from 12,400 to 22,400 Ib. Loading for 
beam T 1 varied between 2,000 to 11,000 
lb. and for beam T 2 from 2,000 to 10,000 
Ib. 

The calculated stresses in the composite 
beams, including the effect of shrinkage 
(see Appendix for stress calculations caused 
by differential shrinkage) and assuming 20 
per cent stress loss are given below: 

Specimen R 1 

under minimum load, 


stress at bottom fiber — 550 psi 

stress at top fiber — 297 psi 
under maximum load, 

stress at bottom fiber + 247 psi 

stress at top fiber — 1094 psi 


Specimen R 2 
under minimum load, 
stress at bottom fiber + 24 psi 
































as follows: stress at top fiber — 869 psi 
8.5 bags type III cement under maximum load, 
27 gallons water stress at bottom fiber —1414 psi 
8% quarts Pozzolith stress at top fiber + 567 psi 
Figure 2—Details of the Specimens 
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Figure 3—Loading Diagram 


Specimen T 1 
under minimum load, 
stress at bottom fiber — 196 psi 
stress at top fiber — 142 psi 
under maximum load, 
stress at bottom fiber + 667 psi 
stress at top fiber — 578 psi 
Specimen T 2 
under minimum load, 
stress at bottom fiber — 196 psi 
stress at top fiber — 142 psi 
under maximum load, 
stress at bottom fiber + 572 psi 
stress at top fiber — 530 psi 
On the calculation of the above stresses it 
was noted that the coefficient of differential 
shrinkage plays an extremely important part 
in composite beam stresses. The magnitude 
of this coefficient must be properly chosen 
for an accurate analysis or design. On the 
other hand, the respective values of the 
moduli of elasticity of the two concretes has 
little effect relatively, on the stresses intro- 
duced in a composite beam as a result of 
differential shrinkage. 
BEHAVIOR OF SPECIMENS 
DURING TESTS 
Beams of Group R: In specimen R 1 the 
first six cracks appeared between 0 and 1000 
repetitions of the load, shown as numbers 
1 through 6 in Fig. 4. The other cracks de- 
veloped at 65,000, 75,000 and 78,000 cycles. 
Cracks 7 through 10 appeared at 65,000 
cycles and crack 8 was the extension of 
crack 1 into the cast-in-place portion of the 
beam. Crack 12 was similarly the extension 
of crack 5. Up to the time when testing was 
discontinued at 452,000 cycles no additional 
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cracks appeared. 

At 65,000 cycles there was an apparent 
permanent set. The eccentric was then ad- 
justed to maintain the required load. Be- 
cause the dial gage used to measure the 
deflection had accidentally come loose from 
its initial position, it was not possible to 
measure accurately the permanent set dur- 
ing the first 65,000 cycles of load. 

At 452,000 cycles the test was discon- 
tinued since contact between the loading 
beam and the specimen could not be main- 
tained in spite of frequent adjustments of 
the eccentric, indicating excessive perma- 
nent set. Although this was considered to be 
evidence of failure of the specimen, no 
failure of the strands was observed upon 
breaking into the specimens and examining 
them. There was some evidence of bond 
failure between the strands and the concrete. 

The pattern of cracks for beam R 2 is 
shown in Fig. 4. Cracks 1 through 8 ap- 
peared at the first application of the load. 
At 10,000 cycles crack 9 appeared and 
crack 7 progressed into the cast-in-place 
portion of the beam. At 400,000, crack 10 


’ appeared and at 550,000 the group of cracks 


il and 12 developed. Failure occurred at 
580,000° cycles. 

In beam R 2, permanent set could not be 
observed because of the faulty attachment 
of the dial gage. 

When the test was discontinued at 580,000 
eycles and the beam was broken into, it was 
found that two out of three strands had 
failed; one wire in one and six wires in 
another strand had broken as shown in 
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Figure 4—Crack Pattern of Beams R-1 and R-2 


Beams of Group T: The testing of the 
group T beams was conducted with more 
instrumentation than with the R_ beams. 
The accuracy of the loading mechanism was 
checked by comparing the load indicated 
by the dynamometer versus reaction values 
at each support, by placing the beams on 
loading pads. Each loading pad consisted of 
an 8 in. x 8 in. x 1 in. steel plate. Two SR-4 
electric strain gages, type A-1, fastened to 
the bottom of each plate measured the strain 
caused by bending of the plate under the 
applied load or reaction. The pads were 
calibrated and found to have an accuracy 
of 3 per cent within the test-load limits. 


The results showed that the dynamometer- 
load readings were within 5 per cent of the 
measured loads. Also, strains in the pre- 
stressed portion of the composite beam were 
measured by a mechanical strain gage and 
the results were in close agreement with 
the calculated strains indicating the ac- 
curacy of the loading of the fatigue machine. 

The pattern of cracks for specimen T 1 
is shown in Fig. 6. At 800,000 cycles it was 
necessary to change the throw of the ec- 
centric so that proper contact and the appli- 
cation of the test load could be maintained. 
At 865,000 cycles the test was discontinued. 
The beam was broken into and no strands 


Figure 5 
Broken strand 
in Beam R-2 
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Figure 6—Crack Pattern of Beams T-1 and T-2 


were found to be damaged. There was evi- 
dence of bond failure within the portion of 
the beam between the loading points. Both 
the strands and the grooves left by them in 
the concrete were smooth. 

Fig. 6 shows the pattern of cracks for 
specimen T 2. Cracks 1 to 7 appeared at the 
first application of the test load. The other 
cracks appeared as follows: 8 at 40,000, 9 
at 50,000, 10 at 100,000, 11 at 116,000, 12 
and 13 at 220,000, 14 at 425,000, 15 and 16 
at 650,000 cycles. 

At 650,000 cycles the throw of the ec- 
centric was changed and at 860,000 cycles 
the test was stopped. Upon breaking into 
the beam no strand failure was found but 
all the strands showed bond failure. It is 
interesting to note that there was no exces- 
sive amount of rust on two of the strands, 
one of which was spliced at about 4 ft. 
from one end of the beam. 

Load-deflection relationship of beams T 1 
and T 2 as affected by fatigue is presented 
in Fig. 7 while Fig. 8 shows the permanent 
set versus cycles of loading diagram for 
these beams. 

At the time of testing the average cylinder 
strengths of the cast-in-place and the pre- 
stressed concrete portions of the composite 
beams were 5650 psi and 6350 psi, re- 
spectively. 

CONCLUSIONS 
1. None of the composite beams tested 
showed any sign of failure along the 
plane of contact. On three specimens 
the bond between the strand and the 
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concrete failed and in one specimen 
failure was by fracture of the wires in 
two of the strands. 

2. The natural bond between the two con- 
cretes and the presence of four shear 
ties at each end of the beams provided 
a composite action strong enough to 
withstand repetitive over-loads. 

8. Based on zero bottom-fiber stress as 
design load, composite beams having 
rectangular cross sections failed at an 
average maximum load of 1.7 times the 
design live-load at about 500,000 cycles 
and the tee-beams failed at about 860,- 
000 cycles under an average maximum 
repetitive load of 2.6 times the design 
live load. 

4. The coefficient of differential shrinkage 
plays an extremely important part in 
composite-beam stresses. The magnitude 
of this coefficient must be properly 
chosen for an accurate analysis or de- 
sign. For beams used in these tests the 
difference in the live-load safety factor 
varied almost 100 per cent when based 
on two differential shrinkage coefficients 
of 0.0002 and 0.0004. 

5. It seems important that more study be 
devoted to the proper evaluation of the 
coefficient of differential shrinkage for 
various strength concretes. 

6. The respective values of the moduli of 
elasticity of the two concretes has little 
effect on the stresses introduced in a 
composite beam as a result of differen- 
tial shrinkage. 


23 














if 

' 

| 

| 

| 24 







































16,000 - | 
14,000 L 809,000 cycles | 
500000 cycles | 
12,000 . 6 ° 865, 000 cycles 
10, 000 s 
” 
a) L 
eS 
4 8, 000 a 
A 
2 
S 6, 000 be 
4 - 
4,000 -F Beam T.1 
2,000 
0 1 | 4 l | L | oe nd 
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 
Deflection, inches 
12,000 - 
bs 100, 000 cycles 
0, | =6<0 cycles , 
— 500,000 50,000 
g cycles cycles 
3 8,000 L 860, 000 cycles 
= . 
a. 
6,.000 
Ms) s 
] 
SS 4,000 L 
2,000 L 
0 J 1 | ae 
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1,00 
| 
Deflection, inches 
Figure 7—Load-Deflection Diagram of Beams T-1 and T-2 


PCI Journal 














Fatigue Cycles 























































































































0 10, 000 100, 000 1,000, 000 10,000, 000 
a a 
: Beet MIA 
0.04 a? NN 
' N {Nh 
« 0.08 N 
) 4 
: ea 
« 0,121 
_ - 
v — 
a a 
2. 9, 2 
c _ 
5) — 
s 0.200 
§ C | 
o 0,240 
eas 3 
0.28 
Figure 8—Permanent Set vs. Cycles of Loading Diagram 
Appendix 
SHRINKAGE STRESSES IN COMPOSITE BEAMS! 
Notation: 
x = Differential shrinkage coefficient 
d, = Depth of cast-in-place portion . 
d, = Depth of prestressed concrete portion 
e = Distance between centers of gravity of the two concretes 
€;, €2 = Distance from line of action of mutual force to centers of gravity of cast-in-place 
and prestressed portion, respectively 
c,; = Compressive strain in the top fiber of the cast-in-place concrete 
€1 Strain at the centroidal axis of the cast-in-place concrete due to direct load 


, 


Strain at the bottom fiber of the cast-in-place concrete due to bending 
Tensile strain in the bottom fiber of the prestressed portion 
Strain at the centroidal axis of the prestressed portion due to direct load 
Strain at the top fiber of the prestressed portion due to bending 
» = Area of cast-in-place and prestressed portions, respectively 


2» = Modulus of elasticity of cast-in-place and prestressed portions, respectively 
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1Evans, R. H. and Parker, A. S., Journal American Concrete Institute. Vol. 26, May 1955, pp. 861-878. 
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Equilibrium condition 1: 

The resultant tension in the cast-in-place concrete must equal the resultant compression 
in the prestressed concrete: 

P, = P. which can also be expressed in terms of strains at the centroidal axis of the 
respective concrete as _ 

(1) E,Ay = egE2Ay 


E,A, 

(2a) ¢, =—— en OF 
E,A, 
E,A, 

(2b) so ea eo 
EA 


Equilibrium condition 2: 

The resultant tension and compression cannot form a couple as there is no external 
bending moment. They must act in the same line. The mutual force between the concretes 
due to differential shrinkage acts as en eccentric load on each section with respective 
eccentricities of e,e,. These cause moments of P,e, and P,e, and the resulting stresses 
could be expressed in terms of strains in the usual flexural formula: 




















Pey 
Stress = Unit Strain X E = 
I 
Hence the stress in the bottom fiber of the cast-in-place portion can be expressed as: 
P,e,(e;) EA, e;? 
eE, = = , Or 
I I, 

€yAye;” 

(3a)? = 
I, 

Similarly the stress in the top fiber of the prestressed portion can be expressed as: 

egAc€o” 
(Sb) -” = 

I, 

Substituting the values of ¢, and ¢. in Eq. (1), we have: 

€1,€5” E, 
(4) = 

e’I,e,? E, 
From the strain diagram, we find that 
é "¢ ey 
= or. = e” when substituted in Eq. (4): 
ey C5 ey 
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(5) = 
C5 E,I, 
But Xx=ete’+tetea and making the proper,substitutions: 
eggey” erAye;° EeAo e2 E,Ay 
x= + + + €1 
I, I, E,A, EA, 


and substituting Eq. (2a) in the above expression, we have: 
(1 Agey® E,Ase,” —— EpAp) 














(6) Ls = + + _ , and similarly 
( I, EL, EA, 
(7) z>@ + + a 


The strains along the centroidal axis of the two portions of the composite beam 
could be calculated by using Eq. (6) and (7) provided the magnitude of x, the differential 
shrinkage coefficient, as well as the moduli of elasticity of the two concretes are known. For 
these tests the following values were used: 

x = 2x 10-4 in/in 
E, = 4x 106 psi 
E, = 4.5 x 106 psi 
For the rectangular composite section the unit strains along the centroidal axis of the 
two concretes were found to be: 
€, = 2.65 x 10-5 in/in and ¢. = 2.35 x 10-5 in/in 
By proper substitution into Eq. (3a) and (3b) values of ,’ and ¢” were found to be: 
é = 7.95 x 10-5 in/in and ¢” = 7.05 x 10-5 in/in. 

From the strain diagram the top and bottom fiber unit strains for the two concretes 
could be expressed as follows: 

Cast-in-place portion: 














—etq ¢€+¢ d, ~ e 
Top fiber strain: = oe = (+")-— a4 

dye, e e 
Bottom fiber strain: ate 
Prestressed portion: 
Top fiber strain: eat ” 
Bottom fiber strain: t. + ¢ eos d,-e 2 

= te = (’ +e”) —€2 
d, — ey e e 


From the above strain values the following stresses were calculated for the rectangular 
composite beam: 
Cast-in-place portion: 
Top fiber stress = 4.85 x 10-5 in/in x E,; = — 194 psi (compression) 
Bottom fiber stress — 10.60 x 10-5 in/in x E, = +423 psi (tension) 
Prestressed portion: 
Top fiber stress = 9.40 x 10-° in/in x E, — —423 psi 
Bottom fiber stress = 5.15 x 10-5 in/in x E, = +232 psi 
For the composite beam having the tee-section the following strains were calculated: 
€, = 2.34 x 10-5 in/in and ¢. = 2.65 x 10-5 in/in 
¢ — 7.05 x 10-5 in/in and ¢” = 7.95 x 10-5 in/in 
Using the above strain values the following stresses were determined: 
Cast-in-place portion: 
Top fiber stress — 1.12 x 10-5 x E, = —45 psi 
Bottom fiber stress = 9.39 x 10-5 x E; = +376 psi 
Prestressed portion: 
Top fiber stress — 10.60 x 10-5 x E, = —476 psi 
Bottom fiber stress = 8.88 x 10-5 x E, = +400 psi 
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SYNOPSIS 


A guide to design and construction of safe, serviceable, linear structural 
members prestressed with high strength steel. Emphasis is on flexural members 
—beams, girders, and slabs. Most of the recommendations are applicable to 
both buildings and bridges. Design chapter treats: loading; allowable stress; 
prestress loss; flexure and shear; bond and anchorage; composite construction; 
continuity; end blocks; fire resistance; and cover and spacing of prestressing 
steel. Concrete, grout, prestressing steel, anchorages, and splices are covered 
in the section on materials. Construction section includes: transportation, 
placing, and curing of concrete; forms, shoring, and falsework; placement of 
prestressing steel and application of the prestressing force; grouting; and 
handling and erection. 
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steel anu concrete stresses; 208—Loss of prestress; 209—Flexure; 210—Shear; 211— 
Bond and anchorage; 212—Composite construction; 213—Continuity; 214—End 
blocks; 215—Fire resistance; 216—Cover and spacing of prestressing steel. 
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305—Anchorages and splices. 
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Chapter 4—Construction 


Section 401—Introduction; 402—Transporting, placing, and curing concrete; 403— 
Forms, shoring and falsework; 404—Placement of prestressing steel and application 
of prestressing force; 405—Grouting; 406—Handling and erection. 


CHAPTER 1—INTRODUCTION 
101—OBJECTIVE ; 


The objective of this report is to recommend those practices in design and 
construction which will result in prestressed concrete structures that are 
comparable both in safety and in serviceability to constructions in other 
materials now commonly used. 

This report constitutes a recommended practice, not a building code or 
specification.. Since it was not written as a code, its use or interpretation as 
one will not serve the best interests of either the public or the engineering 
profession. Recommendations contained in the report are presented solely 
for the guidance and information of professional engineers. Safety and 
economy of structures in prestressed concrete will depend as much on the 
intelligence and integrity of engineers preparing the design and supervising 
or carrying out the construction as on the degree to which these recommenda- 
tions are followed. 
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102—SCOPE 


102.1—Linear prestressing 

This report is confined in scope to linear structural members involving 
prestressing with high strength steel; circularly prestressed members such as 
tanks or pipes are not covered. These types of construction have been excluded 
for two reasons. They have been designed and constructed in this country 
for a great number of years and procedures have been developed on the basis 
of research and experience which have proved successful in practice. Design 
and construction of tanks and pipes in prestressed concrete are confined to a 
relatively small group of specialists and are not likely to be attempted by 
persons outside that group. For these reasons there seems to be no immediate 
need for recommendations regarding circularly prestressed structures. 


102.2—Flexural members 

For the most part, recommendations in this report relate to flexural mem- 
bers—beams, girders, and slabs. Other structural forms, such as columns, 
ties, arches, shells, trusses, pavements, etc., are treated only briefly or not at 
all. In some of these cases, such as columns or ties, the principles involved 
in design are essentially simple and no need was felt to include them in this 
report. In other cases, insufficient information was available either from 
research or experience to permit recommendations to be made at this time. 
This lack of information is due in some instances to the complexity of the 
type of structure involved and in others to the infrequency of its use in this 
country. 


102.3—Buildings and bridges 

These recommendations are intended to apply to both buildings and bridges. 
The form and nature of this report are such that almost all recommendations 
made apply without differentiation to both types of structures. Where this 
is not the case, separate recommendations are made for buildings and bridges. 


103—ACCEPTANCE TESTS 


It is recognized by the committee that unusual types of construction, design, 
or materials may be used in such a manner that these recommendations are 
not applicable or may not have been complied with. Such structures may be 
adequate for the purpose intended. In these cases it is recommended that 
tests be made to verify design. 


104—NOTATION 


104. 1—General 


Symbols are assembled into sections pertaining to groups of associated 
terms. The list comprises only the symbols in this report. No attempt is 
made to present a complete notation for design of prestressed concrete. 
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104.2—Dimensions and cross-sectional constants 


v 

Ay = Bearing area of anchor plate of 
post-tensioning steel 

A, = maximum area of the portion of the 
anchorage surface that is geometri- 
cally similar to and concentric with 
the area of the bearing plate of 
post-tensioning steel 


A, = area of main prestressing tensile 
steel 
A,’ = area of conventional tensile steel 


Ay = steel area required to develop the 
ultimate compressive strength of 
the overhanging portions of the 
flange 

Aw = steel area required to develop the 
ultimate compressive strength of 
the web of a flanged section 


A, = area of web reinforcement placed 
perpendicular to the axis of the 
member 

b = width of flange of a flanged member 


or width of a rectangular member 


104.3—Loads 
D = effect of dead load 


L = effect of design live load including 
impact, where applicable 


104.4—Stresses and strains 


E. = flexural modulus of elasticity of 
concrete 

E, = modulus of elasticity of prestressing 

' steel 

gy = compressive strength of concrete at 
28 days 

fos = compressive strength of concrete 
at time of initial prestress 

Sen = permissible compressive concrete 


stress on bearing area under anchor 
plate of post-tensioning steel 


Ie’ = ultimate strength of prestressing 
steel — 

Sec = effective steel prestress after losses 

Sei = initial stress in prestressing steel 
after seating of the anchorage 

Sew = stress in prestressing steel at ulti- 
mate load 

Sey = nominal yield point stress of pre- 
stressing steel 
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== width of web of a flanged member 

= distance from extreme compressive 
fiber to centroid of the prestressing 
force 

= moment of inertia about the cen- 
troid of the cross section 

= ratio of distance between centroid 
of compression and centroid of 
tension to the depth d 

= A,/bd; ratio of prestressing steel 

= ratio of conventional reinforcement 

= percentage index 

= longitudinal spacing of web rein- 
forcement 

= average thickness of the flange of a 
flanged member 

= statical moment of cross section 
area, above or below the level being 
investigated for shear, about the 
centroid 


= effect of wind load, or earthquake 
load, or traction forces 
= shear carried by concrete 


= flexural tensile strength of concrete; 
modulus of rupture 

= yield point stress of conventional 
reinforcing steel 

= ratio of distance between extreme 
compressive fiber and center of 
compression to depth to neutral 
axis 

= ratio of average compressive con- 
crete stress to cylinder strength, f.’ 

= ratio of E,/E, 

strain in concrete due to creep 

strain in concrete due to elastic 

shortening 

strain in concrete due to shrinkage 

= shearing stress 

= ratio of loss in steel stress due to 
relaxation of prestressing steel 

= ratio of loss in steel stress due to 
friction during prestressing _ 
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104.5—Friction during prestressing . 
e = base of Naperian logarithms a = total angular change of prestressing 


K = friction wobble coefficient per ft of steel profile in radians from jacking 
prestressing steel end to point z 

¥6 = steel stress at jacking end L = length of prestressing steel element 

T: = steel stress at any point z from jacking end to point z 

rm = friction curvature coefficient 


CHAPTER 2—DESIGN 


201—GENERAL CONSIDERATIONS 


201.1—Purpose 

The purpose of design is to define a structure that can be constructed 
economically, that will perform satisfactorily under service conditions, and 
will have an adequate ultimate load capacity. 


201.2—Mode of failure 


Ultimate strength should be governed preferably by elongation of the pre- 
stressing steel rather than by shear, bond, or concrete compression. 


201.3—Design theory 


The elastic theory should be used at design loads with internal stresses 
limited to recommended values. The ultimate strength theory also should be 
applied to insure that ultimate capacity provides the recommended load 
factors. 


202—SPECIAL CONSIDERATIONS 


202.1—Loading conditions 

Consideration should be given to all critical loading conditions in design 
including those that occur during fabrication, handling, transportation, 
erection, and construction. 


202.2—Defiections 


Camber and deflection may be design limitations and should be investigated 
for both short and long time effects. 


202.3—Length changes 

Length changes of concrete due to prestress and other causes should be 
investigated for both short and long time effects. 
202.4—Reversal of loading effects 

Where reversal of moment or shear may occur it should be considered: in 
the design. 
202.5—Buckling 


General buckling due to prestressing can occur only over the length between 
points of contact of the prestressing steel with the concrete. 
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General buckling of an entire member or local buckling of thin webs and 
flanges under external loads may occur in prestressed concrete as in members 
made of other materials and should be provided for in design. 


203—ASSUMPTIONS 
203.1—Basic assumptions 


The following assumptions may be made for design purposes: 


a. Strains vary linearly over the depth of the member throughout the 
entire load range. 

b. Before cracking, stress is linearly proportional to strain. 

c. After cracking, tension in the concrete is neglected. 


203.2—Modulus of elasticity 


When accurate values for modulus of elasticity are not available, the follow- 
ing valuegy may be used as a guide: 


a. Flexural modulus of elasticity of concrete E., in psi, may be assumed to be 
1,800,000 plus 500 times the cylinder strength at the age considered. Actual values 
may vary as much as 25 percent from those given by the foregoing expression. This 


expression is not applicable to lightweight concrete, for which EZ, should be determined 
by test. 


b. Modulus of elasticity of steel, in psi, may be assumed to be 29,000,000 for 
cold drawn wire, 27,000,000 for 7-wire strand, 25,000,000 for strand with more than 
7 wires, and 27,000,000 for alloy steel bars. 


203.3—Deflections 


Deflection or camber under short time loading may be computed using 
values of EZ, obtained as described in Section 203.2.a. 

Deflection associated with dead load, prestress, and live loads sustained 
for a long time may be computed on the assumption that the corresponding 
concrete strains are increased as a result of creep. The increase in strain may 
vary from 100 percent of the elastic strain in very humid atmosphere to 300 
percent of the elastic strain in very dry atmosphere. These values may not 
pertain to concrete made with lightweight aggregates. 


204—LOADING STAGES 


204. 1—Loading 


Loading stages listed in the following sections should be investigated. No 
attempt is made to list all significant loading stages that may occur. Stages 
listed are those that normally affect the design. 


204.2—Initial prestress 


Prestressing forces are applied in prearranged sequence and sometimes in 
stages. If prestressing forces are not counteracted by the effect of the dead 
load of the member, or if the stressing operation is accompanied by temporary 
eccentricities, concrete stresses should be investigated. 
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204.3—Initial prestress plus dead load of member 
For determination of concrete stresses at this stage, losses in prestress are 
those which occur during and immediately after transfer of prestress. 


204.4—Transportation and erection 

Support conditions for precast members during transportation and erection 
may differ from those during service loads. Handling stresses should be 
included together with prestress and dead load. Losses in initial prestress 
up to time of handling should be considered. 


204.5—Design load 
This stage includes stress due to effective prestress after losses, dead loads, 
and maximum specified live load. 


204.6—Cracking load 

Complete freedom from cracking may or may not be necessary at any 
particular loading stage. Type and function of the structure and type, 
frequency, and magnitude of live loads should be considered. 


204.7—Temporary overload 

This stage refers to any large live load in excess of design load, which is of 
short-time duration and expected to occur infrequently during life of structure. 
For such a load, stresses may exceed those recommended for design load but 
elastic recovery must be assured. 


204.8—Ultimate load 

Ultimate load is that load which applied statically in a single application 
causes failure. Such a large load would never intentionally be placed on the 
structure, but it is used as a measure of safety. In statically determinate 
structures, failure will occur at a single cross section. In statically indetermin- 
ate structures, the load which causes moment in one section to reach its ulti- 
mate value may not be sufficient to cause failure of the structure because of 
moment redistribution. Since it is not always possible to predict that full 
redistribution will take place in accordance with limit design, it is suggested 
for the time being that moments be determined by elastic analysis. 


205—LOAD FACTORS 


205.1—General 


A load factor is a multiple of the design loads used to insure safety of the 
structure. 


205.2---Cracking load factors 
If cracking of concrete is undesirable, load factors for cracking load should 
be chosen to reflect the greatest load that can be expected during life of structure. 
Formation of a crack under temporary overload may not be objectionable. 
If reopening such a crack under subsequent design load is objectionable it may 
be avoided by proper choice of concrete stress permitted for cracking load. 
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205.3—Ultimate load factors 


The ultimate load capaeity should be computed since stresses are not 
linearly proportional to external forces and moments throughout the entire 
load range. For the present, it is recommended that moments, shears, and 
thrusts produced by external loads and prestressing forces be investigated 
by elastic analysis. 

The load factors recommended are believed to be consistent with current 
viewpoints. It may be desirable to modify or expand the load factor formulas 
to fit special conditions that may occur in unusual structures, extremely long 
spans, or for unique loadings. Deviations from the recommended values 
should be substantiated by suitable investigations. 


205.3.1—Buildings 

For the present, to correlate prestressed concrete with reinforced concrete 
practice in current use, the committee recommends that ultimate load capacity 
be investigated to insure meeting the following requirements: 


12D+24L 
or 1.8(D + L) 
or 12D+24L+0.6W 
or 12D+06L4+24W 
or 18(D+L+%W) 
or 18(D+ %L+W) 


whichever is greater. 


205.3.2—Highway bridges 

The following load factors for highway bridges are recommended by a 
subgroup appointed by American Association of State Highway Officials, 
Committee on Bridges and Structures.* 


15D+2.5L 


The committee is not prepared at this time to make recommendations for 
load factors involving the effect of lateral loads on bridges. 


205.3.3—Railway bridges 

Ultimate load factors for railway bridges are currently being studied by 
the American Railway Engineering Association. The committee is not pre- 
pared to recommend such factors at this time. 


206—REPETITIVE LOADS 


206. 1—General 


Ultimate strength of concrete or steel subjected to repetitive loading may 
be less than static strength because of the phenomenon of fatigue. Full 
importance of fatigue in prestressed concrete members has not yet been 
determined. Fatigue failure may occur in concrete, steel, anchorages, splices, 
or bond. 


*These load factors are considered adequate for spans of moderate length, simply supported. For exceptionally 
long spans and for continuous members, special investigation to consider a possible increase in load factors is 
recommended. 
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206.2—Concrete 


Fatigue strength of concrete in both tension and compression depends on 
magnitude of stress, range of stress variation, and number of loading cycles. 
Since high stresses and stress ranges are common, fatigue should be considered 
when repetition of loading cycles may occur. 

Fatigue failure is unlikely if the allowable stresses of Section 207.3.2 are 
not exceeded and there is no reversal of stress. If a large number of overloads 
are anticipated a reduction in the safety factor may occur. 


206.3—Prestressing steel 

Fatigue strength of prestressing steel depends on magnitude and range of 
stress, and number of cycles of loading. Minimum stress is the effective 
prestress. Maximum stress and range of stress depend on magnitude of live 
loads or overloads that may be repeated. Range of stress under service 
loads will usually be small unless concrete is cracked. Cracking may occur 
if tension is permitted in concrete. Fatigue failure of steel should be considered 
in such cases, especially when a high percentage of ultimate strength is used for 
prestress. 

Devices for splicing steel may contain strain concentrations that lower 
fatigue strength. Consideration should be given to fatigue whenever splices 
are used. 


206.4—Anchorages 


If steel is fully bonded, no difficulty should be expected in the anchorage 
or end bearing as the result of repetitive loads. With unbonded steel, fluctua- 
tions in stress due to repeated service loads or overloads are transmitted 
directly to anchorages and fatigue strength of the anchorage will require 
special consideration. 


206.5—Bond 

Failure of bond under repetitive loading is unlikely unless the member is 
cracked under design loads or a significant number of repetitions of overload. 
High bond stresses adjacent to cracks may be a source of progressive failure 
under repeated loads. 


206.6—Shear and diagonal tensian 

Since inclined cracks may form under repetitive loading at appreciably 
smaller stresses than under static loading, web reinforcement should always 
be provided in members subjected to repetitive loading. 


206.7—Design recommendations 

Fatigue should not result in a reduction of strength if the following recom- 
mendations are observed. When the recommendations cannot be followed, 
fatigue strength of all elements comprising the prestressed member should be 
considered. 

a. Flexural compressive concrete stress should not exceed 0.4f.’ under 
either design load or an overload that may be repeated many times. 
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b. Tension should not be permitted in concrete at the critical cross section 
under either design load or overloads that may be repeated a large number of 
times. 


c. Reversal of stress should not occur under repeated loads. 
d. Prestressing steel should be bonded. 
e. Web reinforcement should be provided. 


207—ALLOWABLE STEEL AND CONCRETE STRESSES 
207.1—Prestressing steel 


207.1.1—Temporary stresses 

Under normal design loads stress in prestressing steel will almost always 
be less than stress at initial prestress. Stress at the anchorage immediately 
after seating has been effected should not exceed 0.70f,’ for material having 
stress-strain properties defined in Chapter 3. Overstressing for a short period 
of time to 0.80f,’ may be permitted provided the stress, after seating of an- 
chorage occurs, does not exceed 0.70f,’. 


207.1.2—Stress at design loads 
Effective steel stress after losses described in Section 208 should not exceed: 


0.60f,’ or 0.80f.;, 
whichever is smaller. 


207.2—Non-prestressed reinforcement 


Non-prestressed reinforcement provided to resist tension in conformance 
with requirements of Section 207.3.1.b.2 may be assumed stressed to 20,000 
psi. 


207 .3—Concrete 


207.3.1—Temporary stresses 


Concrete stress in psi before losses due to creep and shrinkage should not 
exceed the following: 


a. Compression 


eer I WB wns 5s oo. 8a SA ee es ae 0.60f’ ¢s 
For post-tensioned members..................000 ee ee ee wee 
b. Tension 
1. For members without non-prestressed reinforcement: 
a oe. Sv a cee tite clan ene oe BV f'cs 
NE I 5S hb + cs Sh pA aa eee eee es zero 


2. For members with non-prestressed reinforcement provided to 
resist the tensile force in the concrete, computed on the basis 
of an uncracked section: 


I ra 5 skis kV nie g San sa eee eg Be ae 6V fei 
Dumnea aa  e ee oid nd AE BV f' ci 
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207.3.2—Stresses at design loads 
After full prestress losses, stresses in psi should not exceed the following: 


a. Compression 
1. Single element 


0.2 oh 5 0.4 wa cid ble muacigiaictis 4 5°R> aac 0.40f.’ 

i ong Wan oA + 0S dO aS oe ole eMeN 0.45f.’ 
2. Segmental elements 

RO ETC TERE Cote ee ee ee 0.40f.’ 

I ss. yo kis mae geist ea eben we 0.45f.’ 


b. Flexural tension in the precompressed tensile zone 
1. Single element 


ee Sein iv etn pacehwndete Cee tase wh) zero 
b. Pretensioned building elements not exposed to weather or 
nan os se bs cae ee ERE Lab Ees oes 6Vf./ 
c. Post-tensioned bonded elements not exposed to weather 
or corrosive atmosphere.....................-.--005: 3V fh 
2. Segmental elements 
I od gica's oy eee be eae eee eke ah ae & zero 


b. Building members 


Allowable flexural tension of 6Vf,’ in Section 207.3.2.b.1.b may be exceeded 
provided it is shown by tests that the structure will behave properly under 
service conditions and meet any necessary requirement for cracking load or 
temporary overload. 


207.3.3—Stress at cracking load 


Flexural tensile strength (modulus of rupture) should preferably be deter- 
mined by test. When test data are not available the ultimate flexural tensile 
stress in psi may be assumed as: 


fl = 7.5V fe 


For lightweight concrete, f:’ should be determined by tests. 


207.3.4—Anchorage bearing stresses 


The maximum allowable stress at post-tensioning anchorage in end blocks 
adequately reinforced in conformance with Section 214.4 may be assumed as: 


fen = 0.6 f'es WAc/Av 


where A, = bearing area of the anchor plate. 
A, = maximum area of portion of the member that is geometrically 
similar to and concentric with the area of bearing plate. 


The allowable value of f., should not exceed f’,;. 
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208—LOSS OF PRESTRESS 


208. 1—Introduction 


Initial prestress is that stress in steel which exists immediately after seating 
of anchorage. Stress diminishes with time and finally reaches a stable con- 
dition of effective prestress assumed to be permanent. 


208.2—Sources of prestress loss 
208.2.1—Friction loss in post-tensioned steel 
If post-tensioned steel is draped, or irregularities exist in alignment of 
ducts, steel stress will be less within the member than at the jack because of 
friction between prestressing steel and duct. Magnitude of this friction 
should be estimated for design and verified during stressing operation. 
Friction loss may be estimated from an analysis of forces exerted by pre- 


stressing steel on duct. One method for determination of friction loss at any 
point is given below. 


T. = T, e(KL + ua) 


where 7’, = steel stress at jacking end L = length of prestressing steel ele- 
1, «sid deat = from jacking end to point 
x in it 
e = base of Naperian logarithms uw = friction curvature coefficient 
a = total angular change of pre- 
K = friction wobble coefficient per ft stressing steel element in radians 
of prestressing steel from jack to point x 


For small values of KL and ya the following formula may be used: 
T, = 7T:(1+KL +p) 


The following values of K and yu are typical and may be used as a guide. They 
may vary appreciably with duct material and method of construction. Values 
of K and yu used in design should be indicated on the plans for guidance in 
selection of materials and methods that will produce results approaching the 
assumed values. 











Suggested 
Type of Type of duct Usual range of design 
steel or sheath observed values values 
K ” K 
” Bright metal sheathing 0.0005-0.0030 0.15-0.35 0.0020 0.30 
Wire Galvanized metal sheathing 0.0015 0.25 
cables 
Greased or asphalt-coated 
and wrapped 0.0030 0.25-0.35 0.0020 0.30 
High Bright metal sheathing _ 0.0001-0.0005 0.08-0.30 0.0003 0.20 
strength Galvanized metal sheathing 0.0002 0.15 
bars 
Galvanized Bright metal sheathing 0.0005-0.0020 0.15-0.30 0.0015 0.25 
strand Galvanized metal sheathing 0.0010 0.20 
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Workmanship in placing, .supporting, tying, and fabricating prestressing 
elements and ducts influences the magnitude of wobble factor, K. The larger 
the sheath or duct in relation to the size of prestressing steel element, the 
smaller K will be. With normal placing tolerances wobble effect may be 
neglected if sheath is 1 in. greater in diameter than prestressing steel element. 

Effect of overestimating friction loss should be considered since excessive 
prestress may cause undesirable permanent stress conditions. Underestimat- 
ing friction loss may result in an error in computing cracking load and deflec- 
tion. 


208.2.2—Elastic shortening of concrete 

Loss of prestress caused by elastic shortening of the concrete occurs in 
prestressed concrete members. This loss equals n(Af.). For pretensioned 
concrete, A f, is the concrete stress at the center of gravity of the prestressing 
steel for which the losses are being computed. For post-tensioned concrete 
where the steel elements may not be tensioned simultaneously, A f, is the 
average concrete stress along one prestressing element from end to end of 
the beam caused by subsequent post-tensioning of adjacent elements. 


208.2.3—Shrinkage of concrete 

Shrinkage depends on many variables. Unit shrinkage strain may vary 
from near 0 to 0.0005. A value between 0.0002 and 0.0003 is commonly 
used for calculation of prestress loss. Shrinkage loss may be greater in pre- 
tensioned members where the prestress is transferred to the concrete at an 
earlier age than is usual for post-tensioned members. Shrinkage of light- 
weight concrete may be greater than the values obtained with the above 
factors. 


208.2.4—Creep of concrete 

Creep is the time-dependent strain of concrete caused by stress. For pre- 
tensioned and post-tensioned bonded members, concrete stress is taken at 
center of gravity of prestressing steel under effect of prestress and permanent 
loads (normal conditions of unloaded structure). 


In post-tensioned unbonded members, stress is the average concrete stress 
along the profile of center of gravity of prestressing steel under the effect of 
prestress and permanent loads. ‘Additional strain due to creep may be as- 
sumed to vary from 100 percent of elastic strain for concrete in very humid 
atmosphere to 300 percent of elastic strain in very dry atmosphere. 

Creep of some lightweight concretes may be greater than indicated above. 


208.2.5—Relaxation of steel stress 

Loss of stress due to relaxation of prestressing steel should be provided for 
in design in accordance with test data furnished by the steel manufacturer. 
Loss due to relaxation depends primarily on properties of the steel and initial 
prestress. This loss is generally assumed in the range of 2 to 8 percent of 
initial steel stress. 
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208.3—Aliternate procedures for estimating prestress losses 


Two methods are suggested for estimating prestress losses. Method 1 
should be used when individual losses may be predicted with reasonable 
accuracy. Method 2 applies when specific loss data are lacking. 


The ultimate strength is not significantly affected by the magnitude of 
steel stress loss. An error in choosing the loss is reflected in the cracking 
load and amount of camber. 
208.3.1—Method 1 


The total stress loss in prestressing steel: 


Af. => (Us — Use + Ua) E, + 51 fei + be fei 


208.3.2—Method 2 
Loss in steel stress not including friction loss may be assumed as follows: 
Pretensioning 35,000 psi 
Post-tensioning 25,000 psi 
For camber calculations these values may be excessive. 


208.4—Lightweight concrete 


Losses due to concrete shrinkage, elastic shortening, and creep should be 
based 6n results of tests made with the lightweight aggregate to be used. 


209—FLEXURE 


209.1—Stresses due to dead, live, and impact loads 

Prestressed concrete members may be assumed to function as uncracked 
members subjected to combined axial and bending forces provided stresses do 
not exceed those given in Section 207. 


In calculations of section properties prior to grouting, areas of the open 
ducts should be deducted unless relatively small. The transformed area of 
bonded reinforcement may be included in pretensioned members and post- 
tensioned members after grouting. 

For calculation of stress due to prestress in T-beams no definite reeommen- 
dations are made at this time, but attention should be given to the possibility 
that the entire available flange width may be included in calculation of section 
properties. 


209.2—Ultimate flexural strength 


209.2.1—General method 

(a) Rectangular sections—For rectangular sections or flanged sections in 
which the neutral axis lies within the flange, ultimate flexural strength may be 
expressed as: 


Aa Phow 
My = Aden d (: ee ) Berty Wea toseanes 2 0) (a) 
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where f,, = average stress in prestressing reinforcement at ultimate load 
d «= depth to centroid of force 
ky = ratio of distance between extreme compressive fiber and center of 
compression to the depth to neutral axis 
kiks = ratio of average compressive concrete stress to the cylinder strength, f.’ 


The results’ of numerous tests have shown that the factor k2/kik; may be 
taken equal to 0.6 for members and materials considered in this report. De- 
termination of the value of f,, requires knowledge of the stress-strain charac- 
teristics of the prestressing steel, effective prestress and crushing strain of 
the concrete. Assumptions must be made regarding the relation between 
steel and concrete strains. These assumptions will be different for bonded 
and unbonded construction. 





The ultimate moment may be computed from Eq. (a) whenever sufficient 5 
information is available for the determination of f,,. The approximate 
method of Section 209.2.2 may be used if the required conditions are satisfied. 


(b) Flanged sections—If a flange thickness is less than 1.4dpf../f.’, the f 
neutral axis will usually fall outside the flange and the following approximate 
expression for ultimate moment should be used: 


Agfeu 
M, = Auf d (: — 0.6 Ache + 0.85 f.’ (b — b’)t(d — 0.5t)....... (b) 
where Aw = A,— Ay = the steel area required to develop the ultimate 
compressive strength of the web of a flanged 
section | 


Ay = 0.85f.’ (b — b’)t/f.. = steel area required to develop the ultimate com- 
pressive strength of the overhanging portions of 
the flange. 


t = average thickness of flange 


The expressions for f,, given in Section 209.2.2 may be used if the required 
conditions are satisfied. 


209.2.2—A pproximate method 


The following approximate expressions for f,, may be used in Eq. (a) and 
(b) of Section 209.2.1 provided the following conditions are satisfied: 


1. The stress-strain properties of the prestressing steel are reasonably 
similar to those described in Section 304. 


2. The effective prestress after losses is not less than 0.5f,’. 
(a) Bonded members 


feu = fi! (: — 0.5 a) 
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(b) Unbonded members—Ultimate flexural strength in unbonded members 
generally occurs at lower values of steel stress than in bonded members. 
Wide variations between stress levels reported by different’ investigators 
reflect the fact that several factors influence the stress developed by unbonded 
steel at ultimate moment. These factors include: magnitude of effective pre- 
stress, profile of the prestressing steel, shape of the bending moment diagram, 
length/depth ratio of the member, magnitude of the friction coefficient between 
the prestressing steel and duct, and amount of bonded non-prestressed sup- 
plementary steel. 

Unless the proper value of f,, is known from tests of members closely 
approximating proposed construction with respect to the several factors 
listed in the preceding paragraph, it is recommended that: 


fou = See + 15,000 


209.2.3—Mazimum steel percentage 

To avoid approaching the condition of over-reinforced beams for which 
the ultimate flexural strength becomes dependent on the concrete strength, 
the ratio of prestressing steel preferably should be such that pf,./f.’ for rec-: 
tangular sections, and A,,f,./b’df.’ for flanged sections are not more than 0.30. 

If a steel ratio in excess of this amount is used, the ultimate flexural moment 
shall be taken as not greater than the following values when either the general 
or approximate method of calculation is used. 


(a) Rectangular sections 
M, = 0.25 f,'bd? 


(b) Flanged sections—If the flange thickness is less than 1.4 dpf,./f.’ the 
neutral axis will usually fall outside the flange and the following formula is 
recommended. 


M,, = 0.25bd?f,’ + 0.85f.’ (b — b’)i(d — 0.5t) 
209.2.4—Non-prestressed reinforcement in conjunction with prestressing steel 


209.2.4.1—Conventional reinforcement—Non-prestressed conventional rein- 
forcement may be considered to contribute to the tensile force in the beam at 
ultimate moment an amount equal to its area times its yield point provided 
that 
Phan + aE does not exceed 0.3 


fi! fi 
where f,’ = yield point of conventional reinforcement 


p’ = ratio of conventional reinforcement 


209.2.4.2—High tensile strength reinforcement—If untensioned prestressing 
steel or other high tensile strength reinforcement is used in conjunction with 
prestressed reinforcement, the ultimate moment should be calculated by 
means of the general method of Section 209.2.1. 
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210—SHEAR 
210. 1—General 


210.1.1—Ultimate strength 

It is essential that shear failure should not occur before ultimate flexural 
strength required in Section 209.2 is developed. If this condition is satisfied, 
it is unnecessary to investigate shear or principal tensile stresses at design 
loads. 


210.1.2—IJnclined cracking 

Formation of inclined cracks precedes failure in shear. They are caused by 
inclined principal tensile stresses that are the resultant of shearing stresses 
and normal bending stresses. Compressive prestress reduces the principal 
tensile stress thereby increasing the load necessary to cause inclined cracks. 
The use of thin webs will increase inclined stresses. 


210.1.3—Conditions for shear failure 

The resistance to formation of inclined cracks is greater with larger pre- 
stress and increasing web thickness. The significance of inclined cracks is 
less with low ultimate flexural strength caused by low ratio of reinforcement. 
Their significance is also less with low shear/moment ratios. If inclined cracks 
occur in an unreinforced web, sudden failure by shear is almost certain. If 
the web is adequately reinforced, ultimate flexural strength can be developed. 
210.2—Web reinforcement 
210.2.1—Critical percentage of tensile steel 

Experimental data, although limited, indicate that inclined tension cracks 
will not form ard web reinforcement will not be required if the following 
condition is satisfied: 


Phe’ fae b' 
fem ae 

where b’ = thickness of web; 6 = width of flange corresponding to that used in computing p 
This expression may be conservative for members having span/depth ratios 
greater than about 15 or for uniformly loaded members. In such cases, web 
reinforcement may not be required even though the percentage index, pf,’/f.’, 
exceeds that given in the above expression. The omission of web reinforce- 
ment in such members may be allowed when justified by tests. 


210.2.2—Design of web reinforcement 

The amount of web reinforcement necessary to develop required ultimate 
flexural capacity is a function of the difference between inclined cracking load 
and ultimate load in flexure. This difference varies rather widely as a func- 
tion of prestress force, web thickness, amount of tensile reinforcement, and 
shear/moment ratio but is usually smaller for prestressed concrete than for 
conventional reinforced concrete. Current design procedures for web rein- 
forcement in reinforced concrete are conservative for prestressed concrete. 

Available test data indicate that the following expression for area of web 
reinforcement, with its factor of 14, will give reasonably conservative results 
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for prestressed members of usual dimensions and properties. Since the 
formula does not involve the prestress force it may not be conservative for 
very low prestress or where only a portion of the reinforcement is stressed. 
For such cases it may be necessary to increase the factor of 14 as the member 
approaches the condition of conventionally reinforced concrete. 


(Vs eas V.)s 
ae tee 38 


where = area of web reinforcement at spacing s, placed perpendicular to the axis 


Ay 
of the member 

V. = shear due to specified ultimate load and effect of prestressing 

V. = 0.06f.’ b’ jd but not more than 180 b’ jd 

s = longitudinal spacing of web reinforcement 

fy’ = yield strength of web reinforcement 


210.2.3—Minimum quantity of web reinforcement 

Because of the nature and limited knowledge of shear failures, it is sug- 
gested that some web reinforcement be provided even though the criterion 
of Section 210.2.1 is satisfied. 

Where the web reinforcement is designed by Section 210.2.2, the minimum 
amount of web reinforcement should be A, = 0.0025b’s. This requirement 
may be excessive for members with unusually thick webs and the amount of 
web reinforcement may be reduced if tests demonstrate that the member can 
develop its required flexural capacity. 

Heavily loaded members with thin webs and relatively small span/depth 
ratios, such as highway bridge girders and crane girders should have web 
reinforcement (see Section 206.6). 


210.2.4—Spacing of web reinforcement 

The spacing of web reinforcement should not exceed three-quarters the 
depth of the member. In members with relatively thin webs, spacing should 
preferably not exceed the clear height of the web. 


210.2.5—Critical sections for shear 

Because formation of inclined cracks reduces flexural capacity the critical 
sections for shear will usually not be near the ends of the span where the shear 
is a maximum but at some point away from the ends in a region of high moment. 

For the design of web reinforcement in simply supported members carrying 
moving loads, it is recommended that shear be investigated only within the 
middle half of the span length. The web reinforcement required at the quarter- 
points should then be used throughout the outer quarters of the span. 

For simply supported members carrying only uniformly distributed load, 
the maximum web reinforcement may be taken as that required at a distance 
from the support equal to the depth of member. This amount of web rein- 
forcement .should be provided from this point to the end of member. In the 
middle third of the span length, the amount of web reinforcement provided 
should not be less than that required at third-points of the span. 
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211—BOND AND ANCHORAGE 
211.1—Pretensioning 


211.1.1—Prestress transfer bond 

Bond between the pretensioned steel and concrete is necessary to establish 
a prestress in the concrete. The transfer of force from the steel to the con- 
crete takes place in a finite length in the end region of a member and the 
function of the resulting bond, termed ‘“‘prestress transfer bond,’ is anchorage 
of prestressing steel. Prestressing force varies from near zero at the end to a 
maximum value some distance from the end. 

Transfer length will generally be of minor significance in long members, 
but it should be considered for short members or those in which the loading 
conditions may'cause cracking in or near the region of prestress transfer. 


211.1.2—Flexural bond 


Flexural bond is the bond stress developed as a consequence of flexure. 
Bond stress at design loads in uncracked members is usually not critical since 
the increase in steel stress resulting from flexure is usually not significant. 
If cracking is anticipated under design loads, bond stress should be given 
special consideration. 


211.1.3—Significance of bond stress at ultimate load 


Bond failure should not occur prior to the development of the required 
ultimate flexural capacity. 


For span lengths usually associated with prestressed concrete, bond failure 
is not a significant design factor. Bond adequacy in extremely short members 
should be investigated by test. 

The factors affecting bond are concrete strength, perimeter shape, area and 
surface condition of prestressing steel, stress in the steel at ultimate strength, 
length of transfer zone, and superimposed load pattern. 


212—COMPOSITE CONSTRUCTION 


212.1—Introduction 

Prestressed concrete structures of composite construction are comprised of 
prestressed concrete elements and plain or conventionally reinforced concrete 
elements interconnected in such a manner that the two components function 
as an integral unit. The prestressed elements may be pretensioned or post- 
tensioned and may be precast or cast in place. The plain or reinforced con- 
crete elements are usually cast in place. 


212.2—1Interaction 


212.2.1—Shear connection 


To insure integral action of a composite structure at all loads, a connection 
should be provided between the component elements of the structure capable 
of performing two functions: 
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(1) To transfer shear without slip along the contact surfaces, and 
(2) To prevent separation of the elements in a direction perpendicular to the 
contact surfaces. 


212.2.2—Transfer of shear 

Slip may be prevented and shear transferred along the contact surfaces 
either by bond or by shear keys. It should be assumed that the entire shear 
is transferred either by bond or by shear keys. 


212.2.3—Anchorage against separation 

Mechanical anchorage in the form of vertical ties should be provided to 
prevent separation of the component elements in the direction perpendicular 
to the contact surfaces. Web reinforcement or steel dowels adequately 
embedded on each side of the contact surface will provide satisfactory mechani- 
cal anchorage. 


212.3—Design of shear connection 


212.3.1—Loading stage 
The shear connection should be designed for ultimate load. 


212.3.2—Magnitude and transfer of ultimate shear 

The shear at any point along the contact surface may be computed by the 
usual method as v = (V.Q)/I. If the bond capacity is less than the computed 
shear, full width shear keys should be provided throughout the length of the 
member. Keys should be proportioned according to concrete strength of each 
component of the composite member.* 


212.3.3—Capacity of bond 
The following values are suggested for ultimate bond resistance of the contact 
surfaces. 
When minimum steel tie requirements of Section 212.3.4 are fol- 
Nae ko ara w isa OTL E Ro SAR ec wick Ce a did bee as . 75 psi 
When minimum steel tie requirements of Section 212.3.4 are fol- 
lowed and the contact surface on the precast element is artificially 
oo 63 re Gala healed as ve kde oad + Lame eee sss 150 psi 
When additional steel ties in excess of the requirements of Section 
212.3.4 are used and the contact surface of the precast element 
Mn WII Sg cnr oes chan o ca baa ORR RE Oe Beene Se 225 psi 


212.3.4—Vertical ties 

In the absence of experimental information on the capacity of vertical ties 
it is recommended that all web reinforcement be extended into the cast-in- 
place concrete. 

Spacing of vertical ties should not exceed four times the minimum thickness 
of the composite elements, or 24 in. whichever is less. The total area of vertical 
ties should not be less than that provided by two #3 bars spaced at 12 in. 


*Lack of experimental data makes the committee hesitate to recommend a shear stress at the root of a = # 
Indications are that for keys on bridge girders in current use shear stress at the root of a key as high as 0.3/-’ would 
sometimes be required to transmit ultimate shear force. 
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For light pretensioned members such as those used for building floors not 
subjected to repetitive loads the above minimum requirements may be too 
severe. The committee is not prepared to recommend an-amount or spacing 
of steel for this type member. 


212.4—Design of composite structures 


212.4.1—Design of composite section. 

Physical properties of the composite section should be computed on the 
assumption of complete interaction between component elements. For struc- 
tures composed of concretes of different qualities, the area of one of the com- 
ponent elements should be transformed in accordance with the ratio of the 
two moduli of elasticity. 


212.4.2—Beam and slab construction 

If the structure is composed of beams with a cast-in-place slab placed on 
top of the beams, effective slab width should be computed in the same manner 
as for integral T-beams. 


212.4.3—Allowable stress with different concrete strengths 

In structures composed of elements with different concrete strengths, the 
allowable stresses should be governed by strength of the portion under con- 
sideration. 


212.4.4—Superposition of stress 

_ Stresses may be superposed in design calculations that involve elastic 
stresses. Superposition of stresses should not be used in computing ultimate 
strength since inelastic action of the material is involved. 


212.4.5—Sitress after structure becomes integral 
The properties of the composite cross section should be used in computing 
stresses due to loads applied after the structure becomes integral. 


212.4.6—Shrinkage stresses 

In structures with a cast-in-place slab supported by precast beams, the 
differential shrinkage tends to cause tensile stresses in the slab and in the 
bottom of precast beams. Stresses due to differential shrinkage are important 
only insofar as they affect cracking load. When cracking load is significant, 
such stresses should be added to the effects of loads. 


212.4.7—Ultimate strength 
Ultimate strength of a composite section should be computed in the same 
manner as ultimate strength of an integral member of the same shape. 


213—CONTINUITY 


213.1—Determination of moments, shears, and thrusts 


Moments, shears, and thrusts produced by external loads and prestressing 
force should be determined by elastic analysis. Effects of axial deformation 
should be considered. Determination of effects produced by the prestressing 
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forces should take into account the restraint of attached structural elements 
and supports. 


213.2—Stresses 
Allowable stresses are those recommended in Section 207. 


213.2.1—Prestress 
When prestressing is to be applied in more than one stage, the internal 
stresses should be investigated at each stage. 


213.3—Frictional losses 


Frictional losses in continuous post-tensioned steel may be more significant 
than in simply supported members. 


213.4—Ultimate strength 

The ultimate strength of a continuous member should be evaluated not 
only at points of maximum moment, but also at intermediate points. In 
applying ultimate load factors where dead load causes effects opposite to 
those of live load, consideration should be given to load factor combinations 
in which dead load factor may equal one. It is recommended that moment 
redistribution not be considered in design at the present time. 


214—END BLOCKS 


214.1—Purpose 

An enlarged end section, called an end block, may be required to transmit 
concentrated prestressing forces in a shaped member from the anchorage 
area to the basic cross section. 

End blocks may be required to provide sufficient area for bearing of anchor- 
ages in post-tensioned design. They may be needed to transmit vertical and 
lateral forces to supports and to facilitate end detailing. 


214.2—Requirements 
In pretensioned members with large concentrated eccentric prestressing 
elements, end blocks should be used. For lightly pretensioned members, or 
members of approximately rectangular shape, end blocks may be omitted. 
However, reinforcement should always be provided in the anchorage zone. 
In post-tensioned, shaped members, end blocks should be provided. 


214.3—Proportioning 

End blocks are usually proportioned by experience. Depending on the 
degree of concentration and eccentricity of the prestressing force at the end 
surface, the length of the end block should be from one-half the depth of the 
member to the full depth. In general, shallow members should have an end 
block length equal to the depth, and deep beams should have an end block 
length equal to three-quarters of the depth. Length of an end block can be 
considered as the distance from beginning of anchorage area to the point 
where the end block intersects the narrowest width of member. 
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214.4—Reinforcement 

Reinforcing is necessary to resist tensile bursting and spalling forces induced 
by the concentrated loads of the prestressing steel. A reinforcing grid with 
both vertical and horizontal steel in the plane of.the cross section should be 
provided directly beneath anchorages to resist spalling forces. Closely spaced 
reinforcement should be placed both vertically and horizontally -throughout 
the length of the end block to resist tensile forces. 


215—FIRE RESISTANCE 


215.1—General 


The fire resistance of both prestressed concrete and reinforced concrete 
is subject to the same general limitations. One is the rate of heat transmission 
through the concrete from the surface exposed to fire to the unexposed surface. 
The other is the reduction of steel strength at the temperatures induced in 
the steel during the test. Either limitation may govern. 


215.2—Heat transmission 

Since the rate of heat transmission through prestressed concrete is similar 
to that of reinforced concrete of the same composition, the critical dimensions 
to control temperature rise at the unexposed surface will be the same in 
prestressed or reinforced concrete members. 


215.3—Load-carrying capacity 


The ability of the structure to carry required loads during fire test depends 
largely on thickness of cover over prestressing steel. The following minimum 
thicknesses of concrete cover on prestressing steel and end anchorages are 
recommended for various fire ratings: 


Hour rating 1 hr 2 hr 3 hr 4hr 
Minimum concrete cover 1% in. 2% in. 3 in. 4 in. 


Data now available are insufficient to make recommendations for such 
factors as shape of cross section, type and arrangement of prestressing steel. 
The cover thicknesses recommended are believed to be conservative. 


216—COVER AND SPACING OF PRESTRESSING STEEL 


216.1—Cover 


The following minimum clear concrete covers are recommended for pre- 
stressing steel, ducts, and non-prestressed steel. 


Minimum concrete cover 


Concrete surfaces exposed to weather............... 00... cee eee eee e nes 1% in. 
Concrete surfaces in contact with ground.........................0045. 2 in. 
Beams and girders not exposed to weather 
Prestressing steel, and main reinforcing steel........................ 1) in. 
SG TSE Ee 1 in. 
Slabs and joists not exposed to weather......................0e eee eeee 34 in. 
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216.2—Spacing at ends 


216.2.1—Spacing of pretensioning steel 

Minimum horizontal or vertical clear spacing between pretensioning steel 
elements at ends of members should be three times the diameter of the steel 
or 144 times the maximum size of coarse aggregate, whichever is greater. 


216.2.2—Spacing of post-tensitoning ducts 
The clear space between conduits at the ends should be a minimum of 


1% in. or 1% times the maximum size of coarse aggregate, whichever is 
greater. 


216.2.3—Dimensions of post-tensioning ducts 

When steel is placed inside conduits which are to be filled with cement 
grout, such conduits should have a minimum inside diameter 14 in. larger 
than the diameter of the prestressing steel. 


216.3—Draped prestressing steel 

When prestressing steel is placed in a curved or deflected position, steel or 
conduits may be bundled together in the middle third of the span length | 
provided the minimum spacing recommended in Section 216.2.1 and 216.2.2 
is maintained for a minimum distance of 3 ft at each end of member. The 
committee is not prepared to suggest limits for the number of conduits or 
prestressing steel elements that may be bundled horizontally and vertically. 
Excessive bundling may lead to insufficient bond capacity in pretensioned 
members, resulting in bond slip. 


CHAPTER 3—MATERIALS 
301—INTRODUCTION 


The nature and economics of prestressed concrete construction require the 
use of high strength materials. Ability to sustain high stresses with a minimum 
of time-dependent change in stress or strain is essential. 

These requirements are more severe than those for conventionally reinforced 
concrete. Highest standards of manufacture and construction should be 
observed. Prior to adoption of new materials, sufficient test data should be 
obtained to verify properties assumed in design. 


302—CONCRETE 


302.1—Scope 

Particular attention should be given to properties of individual materials 
used in prestressed concrete and their effect on compressive strength, modulus 
of elasticity, drying shrinkage, creep, bond strength, and uniformity of con- 
crete in place. 

When new materials and methods are employed, trial mix investigations 
should include tests for drying shrinkage, creep, and modulus of elasticity. 
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302.2—Materials 


302.2.1—Portland cement 
Portland cement should conform to one of the following: 
Specifications for Portland Cement (ASTM C 150) - : 
Specifications for Air-Entraining Portland Cement (ASTM C 175) 
Specifications for Portland Blast Furnace Slag Cement (ASTM C 205) 
Specifications for Portland-Pozzolan Cement (ASTM C 340) 


302.2.2—Concrete aggregates 
Concrete aggregates should conform to one of the following: 
Specifications for Concrete Aggregates (ASTM C 33) 
Specifications for Lightweight Aggregates for Structural Concrete (ASTM 
C 330) 

Mineral composition and soundness of aggregates may have a marked 
influence on compressive strength, modulus of elasticity, drying shrinkage, 
and creep. 

Concretes made with some lightweight aggregates may exhibit a lower 
modulus of elasticity, greater creep and drying shrinkage than do concretes 
of the same strength made with aggregates of normal weight. 

The range of properties possible in the same concrete mix with different 
lightweight aggregates may be large. Therefore, it is recommended that test 
data should be obtained for compressive strength, modulus of elasticity, 
drying shrinkage, creep, modulus of rupture,,and bond. 


302.2.3—Water 
Water for mixing concrete should be clean and free of injurious quantities 


of substances harmful to concrete or to prestressing steel. Sea water should 
not be used for making prestressed concrete. 


302.2.4—Admizxtures 

Certain admixtures may be beneficial to fresh or hardened concrete. How- 
ever, admixtures should not be used until shown by test to have no harmful 
effect on the steel or concrete. 

The use of calcium chloride or an admixture containing calcium chloride 
is not recommended where it may come in contact with prestressing steel. 


302.3—Proportioning, batching and mixing 

The proportioning of materials, batching, and mixing of concrete for pre- 
stressing should be done in accordance with the ACI Manual of Concrete 
Inspection, the U. S. Bureau of Reclamation Concrete Manual, or other com- 
parable regulations including ACI Standards ‘‘Recommended Practice for 
Winter Concreting (ACI 604-56),” ‘Recommended Practice for Selecting 
Proportions for Concrete (ACI 613-54),” “Recommended Practice for Measur- 
ing, Mixing, and Placing Concrete (ACI 614-42);” and “Standard Specifica- 
tions for Ready-Mix Concrete’ (ASTM C 94). 

Available materials should be proportioned to produce concrete meeting 
specification requirements with a minimum water content. Slump of fresh 
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concrete should be as low as feasible. Cement, sand, and narrow-size ranges 
of coarse aggregate should be separately batched by weight. Water and some 
liquid admixtures may be batched by volume with accurate measuring equip- 
ment. Close control of all materials and operations is essential. 


302.4—Strength 
The strength required at given ages should be specified by the designer. 
Controlled concrete should be used and tested in accordance with Section 304 


as modified by Section A602(f) of ‘‘Building Code Requirements for Reinforced 
Concrete (ACI 318-56).” 


303—GROUT 


303.1—General 


When required by job specifications, post-tensioned steel should be grouted 
to completely fill the void surrounding the prestressing steel with a portland 
cement grout to insure high flexural bond strength and provide permanent 
protection for the steel. 


303.2—Materials 


Grout should be made of either (a) cement and water or (b) cement, fine © 
sand, and water. Mix (a) should be used where the cavity is very small. 
Either Mix (a) or Mix (b) may be used where the cavity is relatively large. 
Admixtures should conform to recommendations of Section 303.2.4. 


303.2.1—Portland cement 
Same as Section 302.2.1. 


303.2.2—Sand 

Sand should preferably be a natural quartz sand meeting ‘Tentative 
Specification for Aggregate for Masonry Mortar (ASTM C 144),” except for 
gradation requirements. The sand should pass a No. 30 sieve, about 50 


percent should pass a No. 50 sieve, and about 20 percent should pass a No. 
100 sieve. 


303.2.3—Water 
Same as Section 302.2.3. 


303.2.4—Admizxtures 

Certain admixtures may be beneficial to fresh or hardened grout. However, 
no admixture should be used until shown by test to have no harmful effect on 
the steel or grout. 

Calcium chloride or an admixture containing calcium chloride is not recom- 
mended for use in grouting post-tensioned members. 


303.3—Proportioning 


Proportions of grouting materials should be based on results of tests made 
on fresh and hardened grout prior to beginning work. Grout should have the 
consistency of thick cream or heavy paint. When permitted to stand until 
setting takes place, grout should neither bleed nor segregate. 
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304—PRESTRESSING STEEL 
304. 1—General 
High tensile strength steel is required in prestressed concrete to provide 


necessary internal concrete stresses after losses have oceurred. The following 
four types are in common use: 


(a) High tensile strength single wire, applied in the form of assemblies 
made up of two or more substantially parallel wires. They may be used 
for either pretensioning or post-tensioning purposes. 

(b) Small diameter, high strength strand, shop fabricated, is enti 
made up of six wires spiraled around a center wire. Small diameter strand 
is normally, though not exclusively, used for pretensioning purposes. 

(c) Large diameter high strength strand is usually shop fabricated with 
factory attached end fittings for post-tensioned construction. It has 7, 
19, 37, or more individual wires. 

(d) High strength alloy steel bars are produced by a cold stretching or 
drawing process. They are currently available in diameters ranging from 
¥% to 1% in. Alloy steel bars are used principally for post-tensioned con- 
struction. 


Each type of prestressing steel should be made to distinctly separate speci- 
fications, of which the following sections give a general description.* 


304.2—High tensile strength single wire 

High tensile strength single wire is generally made from high carbon steel 
hot rolled into rods. It is then heat treated by a process termed ‘‘patenting”’ 
and cold drawn to produce the required final tensile strength. In its most 
commonly used form the wire is then stress relieved by a controlled time- 
temperature treatment that improves elastic properties within the tensile 
range usually employed in prestressing concrete. It also produces a straighter, 
more easily handled wire. 

High tensile strength wire produced by the oil tempering process is not 
recommended for use in prestressed concrete. 


304.2.1—Ultimate tensile strength 

High tensile strength wire for prestressed concrete is made to minimum 
tensile strengths as high as 250,000 psi for a diameter of 0.196 in. Higher 
tensile strengths are available at smaller diameters and lower tensile strengths 
at larger diameters. 


304.2.2—Shape of stress-strain curve 

Stress relieved wire for prestressing should display a high yield strength 
and a reasonable elongation before rupture. Minimum yield strength at 1 
percent elongation under test load should be equal to 85 percent of specified 
ultimate tensile strength. Minimum elongation after rupture should be 
4 percent in 10 in. Elongation tests should conform to ‘Specification for 
Mechanical Testing of Steel Products” (ASTM A370-54T). 


*The American Society for Testing Materials is currently formulating specifications for prestressing steels. 
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304.2.3—Ductility 

Wire for prestressing should be capable of a reasonable amount of cold 
deformation without failure. It should have a minimum reduction in cross- 
sectional area of 30 percent at rupture. 


304.2.4—Creep and relaxation 

Data concerning typical creep and stress relaxation properties of the material 
should be obtained from the manufacturer. Special acceptance tests for 
individual lots are usually expensive and unnecessary. 

Creep tests and short-term relaxation tests do not necessarily represent 
long-time stress relaxation characteristics. 


304.3—Small diameter high strength wire strand 
Small diameter high strength strand is normally made of seven wires. 
A straight center wire is enclosed tightly by six spirally wound outer wires. 
Because of its small diameter, strand can be given a final stress-relieving 
treatment similar to that for single wires. This treatment improves elasticity 
and handling characteristics. Acceptance tests, when required, should be 
made on the strand rather than single wires. 
Physical properties should be based on the total metallic area of all the 
individual wires. Ultimate tensile strength, shape of stress-strain curve, 
ductility, creep and relaxation should be the same as described in Section 
304.2 (high tensile strength single wire) except as follows: 
(a) Minimum elongation at rupture, 3.5 percent in 24 in. 
(b) Minimum yield strength at 1 percent elongation under test load 
equal to 85 percent of specified ultimate tensile strength. 


304.4—Large diameter high strength wire strand 
Large strand may be made of 7, 19, 37, or more galvanized or uncoated 
hard-drawn wires, spirally wound. Galvanized strand is most commonly used. 
Because large diameter strand cannot be given a final stress-relieving 
treatment, some of its physical properties differ from those of wire or small 
strand. Acceptance tests, when required, should be based on properties of 
the strand rather than individual wires. 


304.5—Cold stretched high strength alloy steel bars 

These bars are usually made from alloy steel designated AISI 5160 or AISI 
9260. After hot rolling, the bars are either heat treated or cold worked. 
Each bar is then cold stretched to a minimum of 90 percent of the specified 
ultimate strength. 


304.5.1—Ultimate tensile strength 
High strength alloy steel bars are produced with a minimum tensile strength 
of 145,000 psi for all diameters. 


304.5.2—Shape of stress-strain curve 
High strength bars for prestressing should have a minimum yield strength 
at 0.2 percent permanent strain equal to 90 percent of the specified ultimate 
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tensile strength. Minimum elongation after rupture should be 4 percent in a 
length of 20 diameters. 


304.5.3—Ductility 

Bars for prestressing should be capable of a reasonable amount of cold 
deformation without failure. The bar should have a reduction of area of not 
less than 15 percent at rupture. 


304.5.4—Creep and relaxation 

Data concerning typical creep and stress relaxation properties of the material 
should be obtained from the manufacturer. Special acceptance tests for 
individual lots are usually expensive and unnecessary. 

Creep tests and short-term relaxation tests do not necessarily represent 
long-time stress relaxation characteristics. 


304.6—Corrosion 

Since prestressing steels are susceptible to corrosion, they should be pro- 
tected during storage, transit, and construction. 

The term stress corrosion is applied to the embrittlement of steel that occurs 
under the combined effects of high stress and some corrosive environments. 
It may take place without apparent surface impairment. 

Normally, steel cast in concrete or properly grouted will not be subject to 
such corrosion. When post-tensioned steel is not grouted, special precautions 
should be taken to protect the steel (see Section 404.3.2). 


305—ANCHORAGES AND SPLICES 


305.1—General 
Anchorages for post-tensioning elements now in general use consist of: 
Threaded ends and wedge anchors for bars; factory attached end fittings 
for large diameter strand; button-head, sandwich plate, and conical wedges 
for parallel lay wire systems; and conical wedges for small diameter strand. 
Splices are used primarily for bars and consist of threaded couplings. 
305.2—Ultimate strength 


Anchorages and splices should be capable of developing the ultimate strength 
of attached steel elements without excessive deformation. 
305.3—Anchorage set 


Movement of prestressing steel in anchorage during seating should be 
stated by the manufacturer and substantiated by test data. 


CHAPTER 4—CONSTRUCTION 


401—INTRODUCTION 

This chapter outlines construction procedures that should result in sound 
and durable structures. 

Prestressed concrete members are composed of high strength concrete and 
steel. Design stresses are closely controlled, but behavior in service depends 
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upon the specified concrete being properly placed in forms of the correct dimen- 
sions around accurately positioned prestressing steel or ductwork for steel. 
Construction requires accuracy and care. Deviation from careful workman- 
ship may result in an unsafe structure and should not be condoned. 


402—TRANSPORTING, PLACING, AND CURING OF CONCRETE 


402.1—General 

Quality of the finished concrete members depends on care used in transport- 
ing, placing, and curing. Recommended practice is outlined in ‘‘Building Code 
Requirements for Reinforced Concrete (ACI 318-56),”’ Sections 403-406, and 
“Recommended Practice for Measuring, Mixing, and Placing Concrete (ACI 
614-42).” 


402.2—Placing 
Low slump, high cement content mixes should be placed in the shortest 
possible time after mixing is completed to prevent loss of workability. 
Concrete should be deposited close to its final position. The method of © 
placement should be such that segregation will not occur. 


402.3—Vibration 

Internal or external vibration or both are usually necessary to produce 
dense, well-compacted concrete. 

Vibrators should not be used to move concrete horizontally in the form. 
Overvibration should also be avoided. 

When internal vibration is used, vibrator heads should be smaller than the 
minimum distance between ducts or prestressing steel. Care must be exercised 
to avoid damage to or misalignment of ducts for post-tensioning steel. 

Vibration is not a substitute for workability. Judgment should be used in 


specifying slump, and approved methods of vibration used to achieve maximum 
compaction. 


402.4—Construction joints 


In long cast-in-place members the use of construction joints is recommended 
(1) to reduce cracking near columns caused by settlement or movement of 
shoring and falsework, and (2) to allow for shrinkage. In general, joints 
should be placed near falsework supports. 


Construction joints preferably should be perpendicular to prestressing steel. 
Joints should not be made parallel to prestressing steel unless the provisions 
of Section 212 (composite construction) are followed. 


402.5—Curing 

Curing should start soon after finishing. If high temperature curing is used, 
an initial setting time prior to application of heat should be required. Curing 
should continue until the required strength for application of the prestress 
force is reached. Fresh concrete should be protected from rain or the rapid 
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loss of moisture prior to the curing period. Rapid drying should be prevented 
until the final design strength is obtained. 

When high temperature curing is used, the rate of heating and cooling 
should be controlled to reduce thermal shock to the concrete. 

Where identical precast members are required, curing conditions should be 
uniform to maintain proper quality control. 


402.6—Protection from freezing 


During periods of freezing temperatures, ungrouted ducts should be blown 
clear of water or protected against freezing. 


403—FORMS, SHORING, AND FALSEWORK 


403.1—General 


Quality of concrete members depends on the care used in constructing 
forms and falsework. Correct practices outlined in ‘‘Building Code Require- 
ments for Reinforced Concrete (ACI 318-56)” Sections 501 and 502 are 
recommended. 


403.2—Special requirements 

Forms for pretensioned members should be constructed to permit movement 
of the member without damage during release of the prestressing force. 

Forms for post-tensioned members should be constructed to minimize 
restraint to elastic shortening during prestressing and shrinkage. Deflection 
of members due to the prestressing force and deformation of falsework should 
be considered in design. Form supports may be removed when sufficient 
prestressing has been applied to carry dead load, formwork carried by the 
member, and anticipated construction loads. 


404—PLACEMENT OF PRESTRESSING STEEL AND APPLICATION OF PRE- 
STRESSING FORCE 


404.1—General 

The location of the center of gravity of the prestressing steel, initial and 
final prestressing force, and the assumed losses due to creep, shrinkage, elastic 
shortening, and friction shown on the plans are based on the use of specified 
materials. Other materials not specified but capable of producing the same 
results may be used with approval of the engineer. 

Unless tolerances for location of the prestressing steel are shown, a variation 
of = in. to = 4 in. depending on size of the member, is suggested as 
maximum permissible. 


404.2—Pretensioning steel 


404.2.1—General 
Steel should be kept clean and dry. Foreign matter, grease, oil, paint, 
and loose rust should be removed prior to casting concrete. A light coat of 
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rust is permissible and sometimes preferable provided loose rust has been 
removed and the surface of the steel is not pitted. 


404.2.2—Measurement of prestressing force 

Pretensioning force should be determined by measuring elongation and 
checking jack pressure on a calibrated gage. Measurement of elongation 
will usually give more consistent results. When there is a difference of over 
5 percent between the steel stress determined from elongation and from the 
gage reading, the cause of the discrepancy should be ascertained and corrected. 

If several wires or strands are stretched simultaneously, provision must be 
made to induce the same initial stress in each. 


404.2.3—Transfer of prestressing force 

The force in the prestressing steel should be transferred to the concrete 
smoothly and gradually. If the force in the wires or strands is transferred 
individually, a sequence of release should be established by the engineer to 
avoid subjecting the member to unanticipated stresses. Any variation in 
this sequence should be submitted to the engineer for approval. 


404.2.4—Protection 

Ends of pretensioning steel exposed to weather or corrosive atmosphere 
should be protected by a coating of asphaltic material. They should preferably 
be recessed in the member, coated with asphaltic material and covered with 
mortar. 


404.3—Post-tensioning steel 


404.3.1—General 

The steel should be kept clean and dry. For bonded construction, foreign 
matter, grease, oil, paint, and loose rust should be removed prior to placing 
steel in ducts. A light coat of rust is permissible provided loose rust has been 
removed and the surface of the steel is not pitted. 


404.3.2—Protection i 

For general use in unbonded construction, galvanizing may be considered 
to protect the steel from corrosion when coated with grease or asphalt-im- 
pregnated material and enclosed in a sheath. Uncoated galvanized steel may 
be used when it is accessible for inspection and points of bearing are equipped 
with special shoes to prevent damage to the galvanizing. 


If wrappings and coatings are used on nongalvanized steel, the coating 
should protect the steel from corrosion during shipment, storage, construction, 
and after the steel is in place. It should permit movement of steel during 
stressing with minimum friction. The method of protection should be specified 
or approved by the engineer. 


Anchorage and end fittings should be given protective treatment consistent 
with that given the prestressing steel. They should preferably be recessed 
in the member and covered with mortar. 
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404.3.3—Placement of steel and enclosures 

Ducts or enclosures for prestressing steel are formed in the concrete using 
tubing, metallic casings, or other materials. They should be positioned and 
secured to maintain the prestressing steel within the allowable placement 
tolerances. 

For bonded construction, ducts or duct-forming devices should be free from 
grease, paint, or other foreign matter. Ducts should be protected against 
entrance of foreign matter prior to grouting. 

Anchorage hardware to be cast in the member should be firmly fastened 
to forms in the proper location. 


404.3.4—Measurement of the prestressing force 

Values of total elongation, corrected for assumed friction loss and anchorage 
set, and corresponding jack pressures at various increments of prestress 
should be supplied by the engineer. When a difference of over 5 percent exists 
between steel stress determined from the corrected elongation and from cor- 
responding gage reading, stressing operation should cease. If the cause of the 
discrepancy is neither faulty measurement nor equipment, the engineer should 
be consulted. 


404.3.4.1—Factors influencing friction—As prestressing force is applied, 
friction between prestressing steel and curved enclosure reduces steel stress 
at points away from the jack. The amount of friction loss is a function of 
degree of curvature, type and length of prestressing steel, duct material, 
presence of friction reducing agents, accuracy of placing the duct, and degree 
of disturbance during concrete placement. 

It is the responsibility of the contractor to be aware of these factors. He 
should use materials specified and insure that the quality of workmanship 
results in accurate duct positioning with minimum displacement during 
construction. 


404.3.5—Prestressing in stages 

When the prestressing force is to be applied in more than one stage, excessive 
concrete stresses should be avoided during intermediate stages. The engineer 
will designate location and magnitude of the forces to be used for each stage 
and allowable external loads that may be placed on the member. The con- 
tractor should be aware of the significance of overloading the member. 


404.3.6—Anchorage set 
For friction type anchorages the manufacturer or supplier should state the 
amount of slip normally expected in seating the anchorage device. 


404.3.7—Effect of temperature 
Changes in temperature should have little effect on prestressing reinforce- 


ment unless there is a significant temperature differential between concrete 
and steel. 
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405—GROUTING 


405.1—General 


When grouting is specified for post-tensioned members it should completely 
fill all enclosure voids. 


405.2—Mixing 

Grout should be mixed in a mechanical mixer. Immediately after mixing, 
it should be passed through a strainer into pumping equipment which pro- 
vides for recirculation. Grout should be pumped into the duct as soon as 


possible after mixing but may be pumped as long as it retains the proper 
consistency. 


405.3—Arrangement of grout pipes 

Ducts must be provided with entrance and discharge ports, each of which 
can be closed. Extension pipes may be used when necessary. 

For long members, grout may be introduced at one end until it discharges 
from an intermediate point. The point of application may then be moved 
successively forward. Grout may be introduced at an intermediate point if 


discharge ports are provided at duct ends. The sequence of grouting should — 


be planned to insure complete filling. Devices for bleeding air may be required 
at high points of the duct profile. 


405.4—Test for passage of grout 


Free passage of grout from entrance to discharge port must be assured. 
Tests may be made by pumping water, air, or other fluids through the duct. 


405.5—Application of grout 

Grout should be applied continuously until it flows steadily from the dis- 
charge port indicating removal of trapped air and water. The discharge 
port should then be closed and grouting pressure maintained for the length of 
time necessary to insure complete filling of the void. The entrance should then 
be closed and the pumping nozzle removed. 


405.6—Protection against freezing 
Adequate precautions must be taken to prevent freezing fresh grout. 


406—HANDLING AND ERECTION 


Where precast members are specified, methods of handling and/or the 
sequence of erection should be indicated. When these are not indicated on 
the plans, the contractor should submit for approval the location of pick-up 
points, minimum concrete strength when handled, method of transporting, 
and sequence of erection. 
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SELLING 





PRESTRESSED CONCRETE 





FOR 





BUILDING CONSTRUCTION 





We are entering a new era in _ pre- 
stressed concrete production where hit or 
miss marketing methods can no _ longer 
suffice to keep the larger casting facilities 
busy. High plant overhead and fixed costs 
create a need for high volume production 
just to meet the break-even point. Coupled 
with this, the recent trend to curb spend- 
ing for. new industrial and commercial fa- 
cilities and the resultant lower sales puts 
a severe squeeze on profits. 

Many prestressing plants in the United 
States produce both heavy prestressed units 
for bridge construction and light members 
for building projects. Since bridge work 
cannot always be depended upon to keep 
the casting operations busy it is often neces- 
sary to have the building units carry the 
major portion of the rigid expense. 

Prestressed concrete building units have 
generally been popular with the customer 
and considering the natural resistance to 
a new product, the sales have been very 
good. Much of the material has been sold 
to customers who have heard of prestressed 
concrete and are curious to learn if it can 
be used for their projects. These customers 
have taken the initiative to purchase the 
product. Producers who enjoy this situa- 
tion do not need a sales organization and 
many have fared well by having a few 
men wear many hats. It is rather common 
to see one man handling sales, engineering, 
production, and general management in the 
smaller companies. Although this arrange- 
ment works well when plant fixed costs are 
low and business is good, the “walk-in” 
customer simply cannot be depended upon 
for the necessary volume in a larger oper- 
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ation. 


A formal sales organization with a 
planned marketing strategy is a fundamen- 
tal part of any large manufacturing opera- 
tion. For example, sales goals and the 
corresponding production forecasts are an 
integral part of the management planning 
in the steel and automobile industries. It 
is, therefore, reasonable to assume that a 
similar program would pay off in market- 
ing prestressed concrete. 


The sales organization has the obvious 
responsibility of keeping enough work com- 
ing in to provide at least a minimum back- 
log. But in addition to this it is desirable 
for the sales force to accept the broader 
responsibility of charting a future course 
so as to insure enough annual business, 
stabilize demand, and provide an input 
forecast that will help in the planning of 
the entire manufacturing organization. With 
a definite marketing plan in mind it is 
much simpler to give proper direction to 
the day-to-day sales efforts and the sales 
representatives can budget their time ac- 
cordingly. It is possible to borrow a couple 
of terms from the military, it might be 
desirable to say that these efforts are either 
strategic or tactical in nature. That is, the 
sales work is either useful for its long 
term effect or it is directed toward an im- 
mediate sale. Since building, planning and 
construction is usually a drawn out process 
it is rarely possible to make an on the 
spot sale of any importance. Consequently, 
most sales work in prestressed concrete is 
useful chiefly for its results over the long 
pull. With this idea in mind perhaps we 
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can analyze what techniques are effective 
in creating a steady demand for prestressed 
concrete. 


How to Create Demand and Sell 


Probably the most difficult job of all 
is that of trying to introduce prestressed 
concrete into an area where it has not been 
used before. Naturally, after it has been 
used on a few jobs in the area, the job is 
made a trifle easier. Possibly the first step 
in promoting prestressed concrete in a new 
area is to let the potential users know your 
company is in existence and try to determine 
who is adventurous enough to try it. One 
job that can be pointed to as an example 
has a very important effect on future sales. 
Of course, the material must have an at- 
tractive price if it is to be given even 
so much as a casual hearing. It is true 
that prestressed concrete has many ad- 
vantages over other structural materials 
but price is still the most important con- 
sideration to most customers. 

The most likely method of introducing 
the product is to ask the architect and 
owner for an opportunity to bid an al- 
ternate on an existing plan where prestress 
could show an advantage. This, incidentally, 
is also a good way of broadening the use 
of prestressed concrete in an existing mar- 
ket. Often the architect and engineer will 
be cool to the idea, especially if it will 
involve major design changes. It is, there- 
fore, sensible to choose jobs that will 
require little or no extra design work in 
order to effect the change. The contractor 
and the owner are much more likely to be 
interested in the suggestion if there is a 
definite advantage. Obviously it is most 
unwise to ignore the wishes of the archi- 
tect and the engineer in negotiating an 
alternate proposal. If anyone is going to 
be hurt by the change, either personally 
or financially, it is best to avoid pursuing 
the proposal. 


Once a producing company is in opera- 
tion and is ready to take on work at a 
steady rate, the big job for the sales people, 
is to contact the architects and engineers 
in his locality and attempt to interest them 
in prestressed concrete. Approaching these 
people for the first time on a cold call is 
sometimes an uncomfortable meeting. Archi- 
tects and engineers are generally very busy 
people with almost all of their attention 
directed toward the project or projects 
that they have currently under way. Con- 
sequently, the idea of a salesman dropping 
by to discuss a new product in general 
terms is often taken as an invasion on their 
already overtaxed time. It is, therefore, 
desirable to approach the architect or en- 
gineer with the purpose of using prestressed 
concrete on one of the specific jobs that 
he is presently planning. Approached in 
this way, the designer will usually give 
the salesman more attention. If he is not 
interested in using the product on the job 
the salesman has selected he will often 
divert the conversation to a discussion of 
prestressed concrete in general or toward 
another project on which it may be more 
practical. In any case the interview is usually 
more desirable and effective. In order to 
be in touch with what projects are cur- 
rently in the design stage it is necessary 
to review the reports published by F. W. 
Dodge Corporation or a local builder’s ex- 
change. If these bulletins are scanned daily 
it is possible to keep abreast of the ma- 
jority of construction projects in the sales 
territory. 

In the early stages of introducing pre- 
stressed concrete to a new area it is worth- 
while to demonstrate the structural capacity 
of the material before a selected group of 
architects, engineers, contractors and other 
interested persons. These demonstrations, if 
properly carried out, can be very impressive 
to someone not familiar with prestressed 
concrete. If the tests are carried out in the 
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casting yard, the occasion has another ad- 
vantage of introducing the equipment and 
techniques used in the manufacture of the 
products. It has been proven that the in- 
vestment required in establishing a suitable 
testing device will pay for itself many times 
over. 

After a few standard products have been 
chosen and suitable connection details have 
been developed which are practical in the 
local area, it is important to prepare printed 
material that can be distributed to the 
designers. The importance of having suit- 
able literature that can be used by archi- 
tects and engineers cannot be overempha- 
sized, yet it is surprising to find the number 
of producers who have ignored this need. 
It should be obvious that few professional 
men will use a material they know little 
about. They will invariably reach for the 
manual which illustrates a familiar product. 
The literature should preferably show photo- 
graphs of typical attractive buildings that 
have both a functional and esthetic appeal. 
It is also necessary for the products man- 
ual to have easy to understand loading 
tables and three dimensional sketches of 
connection details. It may be desirable to 
prepare a manual which can be expanded 
by the use of loose leaf sheets as other 
products or details are introduced. 

What prestressed products should be 
shown in the manual or what are the best 
products to market? This is the question 
that cannot be simply answered because 
much depends ‘upon the attitudes of the 
potential users in the local area, the pre- 
vailing construction systems and the com- 
petitive picture. Naturally the systems that 
make up a complete floor or roof such as 
the double tee, channel, or flat slab systems 
mean higher gross sales for the producer 
than do systems that employ joists. It is 
often necessary, however, to have an ec- 
onomical joist to offer if the producer is 
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going to meet the hard competition of steel 
joists and gypsum decks that are commonly 
used in low cost roof construction. In any 
case it is wise not to offer too many dif- 
ferent designs of a similar product. The 
first problem that arises from providing a 
wide selection of units is that the designer 
is confused as to which unit to choose. 
Secondly the producer has a very difficult 
job of trying to combine several small jobs 
with varying specifications into his pro- 
duction schedule. The design refinements of 
many different depths of section and many 
combinations of prestressing strand does not 
pay off from a sales and production point 
of view. 


The producer should take advantage of 
every opportunity to give good will talks 
and educational programs before profes- 
sional groups or other groups who are 
interested in learning about the product. 
A program that shows slides or movies of 
prestressed concrete production and con- 
struction with proper explanation can be 
most helpful. The product salesman should 
let it be known to professional groups that 
these programs are available. 


After prestressed concrete has been used 
in the locality for a time it will be necessary 
for the sales staff to learn how to meet 
the objections. Probably no objection will 
be more persistent and emphatic than the 
objection to camber. Camber is probably 
the greatest single problem of the light 
prestressed sections used in building con- 
struction. If the camber is uniform and not 
unusually great there is nothing for the 
producer to be ashamed of or make excuses 
for. Camber is characteristic of prestressed 
concrete and a very desirable feature be- 
cause it insures structural adequacy and 
is helpful for drainage in roof construction. 
The main objection to camber, regardless 
of its various other guises, is the fact that 
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most people are not used to it. After pre- ~ 


stressed concrete becomes an _ accepted 
building material in the area, the objections 
to camber, per se, will gradually disappear. 
The salesman should, however, advise the 
designer of this camber feature so that he 
can at all times keep it in mind. Generally, 
it is not desirable from an architectural 
standpoint to have the camber effect show 
up on the outside of the building. 

Needless to say, camber will not be 
the only objection voiced against precast 
prestressed concrete. For some reason there 
seems to be a natural tendency to expect 
more in the way of appearance from pre- 
cast concrete products than is generally 
provided. Steel forms, better vibration 
equipment and superior form oils have 
greatly improved the appearance of precast 
products. In spite of these improvements 
the uninitiated is still often disappointed 
when he first comes in contact with precast 
prestressed concrete. No amount of lip 
service can really explain away the ob- 
jections. For this reason it is highly im- 
portant that the producer be very careful 
with the appearance of his products. Ragged 
ends and edges are a big liability even 
though these imperfections may not be seen 
in the finished job. Precast prestressed con- 
crete attracts a great deal of attention from 
curious people in the transporting and erect- 
ing stages of the work. Opinions are often 
formulated about the material by its ex- 
terior appearance. Most of the users of 
prestressed concrete have no other standard 
with which to measure quality than by its 
outward appearance. 

The same preoccupation with appearance 
that many users have can sometimes be 
turned into a valuable asset for the pro- 
ducer. A well constructed building, made 
with quality prestressed concrete products 
has a very strong emotional appeal. The 
light color, smooth surfaces, and long slen- 


der lines often connote a feeling of perma- 
nence and quality. The salesman would be 
foolish to overlook this asset in his photo- 
graphic work and conducted tours to com- 
pleted jobs. This aspect of precast products 
is responsible for far more sales than many 
people realize. 

Advertisements too, should suggest what 
can be done with prestressed concrete to 
present an architecturally attractive build- 
ing. Advertising material, that is production 
centered, too wordy, and lacking in eye 
appeal will not excite men’s imagination 
or motivate them to consider the material. 
The producer might also consider the idea 
of sponsoring a series of ads explaining 
the advantages of employing architects, en- 
gineers, and licensed general contractors in 
building construction. These messages can 
benefit the producer as well as the pro- 
fessionals whose work is too often misun- 
derstood and not appreciated. 


Evaluation of Performance 

No doubt much could be said about what 
are and what are not effective methods and 
techniques for selling prestressed concrete. 
In any case there is no substitute for com- 
mon sense, a feeling for the local conditions, 
creative thinking, and plenty of hard work. 
But how do you know if your efforts are 
effective? Since selling is such a subjective 
area, there are few tangible ways to evalu- 
ate performance. The natural tendency is to 
look at the total yearly sales as the standard. 
But even this does not really tell if the 
producer got his share of the total work 
available. 

No evaluating or projected sales planning 
can be done until the sales organization 
has a basic history of past sales. This his- 
tory or accounting should record all of 
the factors that the producer feels is sig- 
nificant in his future work. He may wish 
to keep a record of each job sold noting 
the dollar amount, square footage or linear 


PCI Journal 

































































zi 3798VL 
ON] ON | “YON3 | S3A] S3A] S3A [Sasior,|, | TIwisyaNWOd NOLSONIN | SisSiOr,|,] L4 NIT OOZ'E | OOZ'Iig}] 182 
SBA] ON ['MLNOD] S3A] ON | S3A ]3NOdIX3TS| TWIDYSaNWOD | 3TIIANMONS | BVIS Iv14]14°0S 006'2 Ooze] o8sz 
390148 hy wv3a.92 ‘ga ‘ ‘ 
wuaam avaqa |} — | — | —lcle eee ee YG ,On] “L4'NIT COZ | OOZ'Szgl 622 
1sior 331 ' ‘ 
S3A| SBA] YANMO] SBA] S3A] ON | 43315 TWIMLSMONI] ALIO WHLN3D| 34gp0q | ‘14 ‘0S 0082 O0S‘9_] ez 
~ 
e tS Ks Ky i AC cS ry 9 p ~ °? eo” Ry 
.) PA Sf YS Of s S a S aS ° y 
> =) iOS » < y ¢ > © fs » 
ot S/o Sf ry 9 se 9 eS > ae 
9 RASA SL LS @ ~ ¥ o « 4 y 
Rg S > 2” ¢ nN ~ oY 2 
» > “> ~ 6 a Y 
‘\ 
~» ~ Oo © » ~ bd 
e » S S ° 
~& ~ 2 ~ 
» © > 
.Y 











>) 
Ke) 


March 1958 











DOLLAR VOLUME OF SALES 


70 


TOTAL YEARLY SALES-COMMERCIAL & HIGHWAY 


JAN.1 TO DEC. 3! 











a COMMERCIAL 
HIGHWAY 























| len 






































RQ OOOOH NH OMNOYL 














fs + 
T6E% 24% 66% 34% 45% 55% 82% 18% 
1954 1955 1956 1957 
FIG. |. 


PCI Journal 





footage, location, competitive products, and 
type of building. He may also want to 
know if the project employed an architect, 
engineer, contractor, owner-builder, and 
who was responsible for putting prestressed 
concrete on the job. Was the job a repeat 
order for one of the principals? Was pre- 
stress specified on the plans? Did the 
contractor negotiate the job with the owner 
or did he bid it competitively? It might 
also be useful to know if the project used 
the material exposed. The monthly and 
yearly accumulation of this information will 
undoubtedly indicate some significant 
trends. 

Market studies can be conducted in many 
different ways to bring out a variety of 
information. An example of a simple sales 
tabulation sheet is shown in Table 1. 

Each contract is analyzed to pick out the 
key information. For example, contract 
number 278 was for a roof on a small 
manufacturing building. The plans called 
for steel joists but the owner later decided 
in favor of prestressed concrete double tees. 
The owner retained a professional engineer 
to prepare the plans. The order was: listed 
as a repeat because the contractor had used 
the product before. 

Contract 281 was for prestressed “I” type 
joists used in conjunction with a gypsum 
deck on a supermarket. An architect pre- 
pared the plans and employed an engineer 
for the structural design. The engineer 
chose to use préstressed joists even though 
this was his first use of the product. Neither 
the architect, engineer, contractor, or owner 
had used prestressed concrete before. 

Records kept on a monthly and yearly 
basis of the ratio of commercial work to 
highway work will show the producer which 
type of work is carrying the load. (Fig. 1.) 

By noting the number of jobs that em- 
ploy architects, engineers, and contractors 
and by indicating who was responsible for 
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using prestress, it should be possible to 
determine the group or groups on which 
to concentrate your sales attention. The 
number of repeat orders that are received 
is often significant. It is not uncommon for 
a producer to have two-thirds of his busi- 
ness coming in from repeat orders. A high 
proportion of repeat business is an indica- 
tion of satisfied customers and should point 
up the need to broaden the base by intro- 
ducing new people to the products. 

A record of the volume of sales kept on 
a monthly basis may help in the total plant 
planning. The monthly sales volume may 
follow a reasonably consistent cycle each 
year. If such a cycle is definite and clear 
cut, it can have many overall planning 
implications. Monthly sales running ahead 
of normal in a traditionally slow period may 
indicate a need to expand facilities before 
the high volume period begins. It may also 
be possible to find a scheme which would 
smooth this unbalanced production, either 
by customer education, increased sales in 
slow periods, or stock piling. 

Conclusion 

Prestressed concrete has come of age in 
building construction and the competitive 
systems in steel have already felt the impact. 
Tougher competition probably lies ahead. 
Producers who hope to extend the use of 
prestressed concrete in their area must de- 
velop and maintain a formal sales organi- 
zation that can devote conscientious study 
and aggressive action toward their market- 
ing area. A sales force that simply makes 
calls and takes orders for material is not 
enough. Sales planning must also be done 
if there is to be any contribution to the 
overall planning of the plant and if an or- 
ganized course of sales action is to be 
followed. Marketing progress can only come 
as a result of careful planning with an eye 
to the long term. Prestressed concrete 
simply will not sell itself. 
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Presented at the 2nd National Prestressed Concrete Short Course Co-Sponsored by 
the University of Florida and the Prestressed Concrete Institute, January 27-31, 1958 


| would like to believe, Mr. Chairman 
and Gentlemen, that the subject of my pre- 
sentation is timely and that it has been 
chosen with great care. 

It indeed has become essential for our 
industry to produce prestressed concrete 
members of the highest quality and at the 
lowest possible cost if our industry is to 
grow and if it is to develop further — in 
fact if it is to survive in this keenly com- 
petitive market. 

I am an old timer, and have been in this 
prestressing “game” for the better part of 
twelve years. I have seen this industry de- 
velop and grow over the years to what it 
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is today. Therefore, I feel I owe it to you 
— the producer who intends to expand 
his present facilities and the potential new 
producer who considers entering the pre- 
stressing field — I owe it to you to let you 
have my thoughts as to what the technical 
problems are before you make the move, 
and what your first move should be, so 
that the chances for a return of your money 
invested are the greatest. 

Too many installations have been con- 
ceived, and I am afraid still are conceived 
as nothing more than “sidewalks with four 
posts where strands are to be stretched.” 
It does not occur, until too late, that stretch- 
ing strands is only a means to the end 
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and that the real problem is to produce 
girders at the lowest possible cost. Does it 
really suffice today to provide the producer 
only with the means of stretching strands? 
It is not the client who wants stretched 
strands. The client wants beams and girders, 
he wants high quality beams and high 
quality girders and he wants them—CHEAP. 

That is what he wanted yesterday. Today 
he wants more. He wants long span beams 
and long span girders, to carry more and 
more load. And these long span beams and 
long span girders require large numbers 
of strands with large forces — 1,500,000 
Ibs. thrust is no longer unusual. To make 
matters even more difficult for the pro- 
ducer, now he wants draped strands and 
he challenges the producer to come up with 
the answer on how to drape them. 

The old-fashioned model T bed — the 
sidewalk and its four posts to stretch 
strands — does not give the client any 
longer what he wants, and perhaps never 
really did! And so it becomes quite evident 
that an installation for huge forces and 
draped strands is now a complex affair, if 
the producer is to produce economically 
high quality prestressed members. 

To be able to produce such members, a 
plant must be operated efficiently; this is 
basic. 

To operate efficiently, the producer must 
be furnished with the proper tools and the 
proper production know-how so that the 
least amount of labor is required. And, to 
determine what the proper tools are and 
who has the proper production know-how, 
the producer must call for assistance. And, 
so, gentlemen, the pretensioned installation, 
which yesterday used to be so often, too 
often unfortunately, a “do it yourself” prop- 
osition, has come of age. At long last, it 
is the client with his requirements of huge 
forces and draped strands who compels 
the producer to think in terms of produc- 
tion and to think in terms of beams and 
girders to be produced along assembly-line 
procedures rather than in terms of how to 
stretch strands. Whereas all the other op- 
erations used to be considered as_inci- 
dental in the planning and design state, 
it now turns out that it should have been 
the other way around and that the stressing 
operation itself is actually a very small 
part of the entire plant operation — and 
perhaps the least costly. 
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Now, how do you achieve an efficient 
installation? Any engineer with some 
knowledge of statics can analyze the bed 
proper; any engineer can determine the 
size of the uprights, the thickness of the 
slabs and can compute the dimensions of 
the abutments. That is no problem! The 
real problem is to determine the physical 
components of an installation, their di- 
mensions and sizes in relation to the type 
of equipment and labor forces which will 
be required for the handling of the forms, 
for the setting of the reinforcing steel, for 
the unreeling and stressing of the strands, 
for the placing and curing of the concrete, 
for the handling of the finished product 
and all of this has to be given thought in 
relation to the production schedules which 
must be attained and maintained. That is 
the real problem. And, when all the various 
parts and functions which make up the 
entity of an effective, productive plant have 
been developed and built by competent 
construction men, then you must place this 
tool — because that is what actually a 
plant is — in the hands of a qualified 
engineer, if you want to produce at low 
cost. The finest physical installation will 
only be as productive as the man who will 
operate the plant understands prestressing, 
knows how to make concrete, knows how 
to use equipment and men to the best ad- 
vantage. 

Summing up, an efficient installation 
which can produce quality prestressed mem- 
bers at low cost, with the least labor, can 
only be the result of careful planning, care- 
ful design and careful analysis of each 
component of the plant to be, so that the 
assembly of all these components in the 
hands of a competent man will lend itself 
to effective production. 

This planning, gentlemen, let me assure 
you, is no amateur’s job. It takes the joint 
efforts of men with a thorough knowledge 
in prestressing, in material handling, in 
plant operation, in labor relations to bring 
about an efficient plant. And it takes more 
than a tour of existing plants to acquire 
this knowledge, as I could cite you plant 
after plant, small and large, which has been 
conceived after such trips and the results 
are disastrous — strands are stretched all 
right — but production of quality work 
at low cost is almost impossible because 
these installations have not been thought 
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out and are not provided with the multitude 
of details which are a prerequisite for effi- 
cient production. 

The wise potential investor, the intelli- 
gent producer is the one who is willing to 
assume that he doesn’t know anything abcut 
it — most likely an understatement — but 
who then surrounds himself with compe- 
tent men and lets them carry the ball. 
But then, it takes courage to assume ignor- 
ance — most people are generally vain — 
they know it all — you can’t teach them 
anything. But, that it requires courage is 
exactly what one of today’s largest and 
most successful producers showed when he 
had to undertake last summer the manu- 
facture of about 1,300 girders in lengths 
varying from about 45 ft. to about 90 ft. 
Some of these girders required up to 79 
7/16 in. diameter strands, producing a 
thrust of approximately 1,600,000 Ibs. As 
many as 35 strands were to be draped. 
Uplift forces at the hold-down points of 
the draped strands, which could be located 
anywhere along the bed depending on the 
size of the girder, were as high as 35,000 
lbs.; downward forces at the bulkheads, 
again anywhere along the bed, were as 
high as 120,000 Ibs. 

That was the task, making these beams, 
and what were the problems? 

The first basic problem was to determine 
the total bed length required for the cast- 
ing of all the girders in a given period. This 
total bed length could only be determined 
if the time required to complete a produc- 
tion cycle could be known. This in turn 
is predicated principally on the time needed 
to carry out all the operations for one 
cycle and the time required for the con- 
crete to attain its strength. 

Once the cycle and the total casting 
length were determined, a decision had 
to be made about the number of casting 
lines into which the total bed length was 
to be divided; and this again is predi- 
cated mainly on the number of each size 
of girders to be cast, the lengths of forms 
it would be desirable to purchase, the num- 
ber of reels it would be well to have, as 
well as on a number of other appurtenances 
— so that the projected cycle could be 
completed within the contemplated time. 
The choice of equipment enters also in the 
above decisions. Would cranes, either over- 
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head or mobile, do the job or would such 
equipment be too costly, too slow or too 
cumbersome? Or, would lumber carriers, 
forklifts, travel-lifts do the job? And what 
about storage areas and connected problem 
of drainage? What provision should be made 
for the concrete to attain its strength within 
a minimum period of time? How should the 
draping be accomplished? Should strands 
be pre-draped, i.e., draped before stressing? 
If so, how is friction, if any, then to be 
overcome? How will you insure that you 
have the same stress or about the same 
stress in the strands at both the near end 
and the far end of the bed? Or, should 
strands be draped after their being stressed? 
How, where and when should the rein- 
forcing cages be made up and installed? 
What about steam lines, water lines, power 
lines, communication lines, air lines? 

And how should all these operations be 
coordinated so that effective production 
could be achieved? 

These are only some of the problems and 
no amateur could solve them properly; no 
amateur should even attempt to solve them 
unless he wants to be penny-wise and 
pound foolish, as some have done and found 
to their sorrow to be a very expensive pro- 
cedure. And these problems are the same, 
perhaps to a smaller degree, for medium 
and small plants. 

It probably now will become apparent 
to you, as it did to the project manager 
of this particular job, that perhaps the wisest 
thing to do would be to plan the design 
and the operation in its minute details before 
any actual work would commence in the 
yard. Even though himself a most competent 
engineer, this particular project engineer 
understood the need for the services of a 
prestressing consultant to design and detail 
the installation, that in view of the limited 
time available a qualified contractor should 
build the installation, and that it also would 
be advisable in view of the magnitude of 
the job to avail himself of the services of 
an experienced production consultant to be 
in charge of the initial operation and to 
insure that what was being planned, de- 
signed and built by others, would lend 
itself to efficient production. 

Prestressing plants are no longer “do it 
yourself” hit and miss propositions — too 
much is at stake. 
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I PRESTRESSED CONCRETE leads to 
shape refinement and generally a consider- 
able reduction in member size. Like any 
other flexural member, as the size and sec- 
tion properties are reduced, deflection be- 
comes an increasingly important considera- 
tion. By prestressing, it is possible to control 
deflection. In a roof member for example, 
some residual upward deflection or camber 
can be assured. A thorough prestressed con- 
crete design includes investigation of cam- 
bers and deflections. 

To consider camber, one must first under- 
stand creep. For purposes of this discussion 
only its dependence on stress and time will 
be considered (for a given mix). If a mem- 
ber is made and maintained with uniform 
stress for any cross section throughout its 
length, it will have no camber or camber 
change. As the member is stressed it will 
shorten elastically and then gradually creep 
at a continually diminishing rate. If after a 
considerable time it is unloaded it. will 
lengthen initially and then continue gradu- 
ally, however, neither the elastic nor creep 
changes will be as great as they were under 
the first loading condition. There will be a 
“set”, due to an increased modulus of elas- 
ticity and a decreased creep factor. Usually 
prestressed members have high compression 
at the bottom. This compression decreases 
and often passes into tension at the top. 
The greater the differential stress the greater 
the camber. The creep is also greater but 
not necessarily in direct proportion. 

The time-strength variation of concrete is 
well known. In high strength concretes the 
modulus of elasticity is not only dispropor- 
tionate to strength but to time also. It is 
relatively easy to accelerate strength gain 
but not as easy to control modulus of elas- 
ticity or its increase. Different concretes of 
the same strength don’t necessarily have the 
same modulus of elasticity. 

The primary requirement for uniform 
control of camber is a laboratory to design 
mixes and control curing. Once the optimum 
is determined it is essential to maintain 
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uniform casting procedures. Herein lies the 
most important factor in maintaining uni- 
form cambers. Adequate facilities and ex- 
perienced personnel must be maintained. 
In addition, accuracy of tensioning and uni- 
formity of mixing, placing, and curing of 
the concrete must be conformed to. Mem- 
bers should not only be stripped at similar 
times but stored under similar conditions. 
Sometimes it proves beneficial to bind 
members together at an early age so that 
tendencies for different cambers will work 
against and counteract each other. The 
early creep is not only greater but to a 
large extent determines the final camber 
condition, since as concrete ages, the creep 
is less. 

Similar members that are stored loaded 
at an early age will have less camber after 
removal of load than members that are 
stored unloaded. To increase final camber, 
reembers can be stored with supports in- 
board of their usual location, provided 
allowable stresses are not exceeded. 

The designer also has some control of 
camber. The most obvious ways being to 
vary the amount and location of the pre- 
stress force and to prevent bond at the ends 
of part of the strands. In adjusting the pre- 
stress it is important to remember the deri- 
vation of deflection formulas: i.e. the statical 
moment of the area under the moment curve 
taken about the point considered (e.g. center 
of a simple span). In other words a given 
negative moment (or stress differential) at 
the end of the span has a greater camber 
effect than the same moment near the 
center. Members with curved or harped 
tendons usually have less camber than those 
with straight tendons. 

The designer can also vary the camber 
by prudent use of mild steel to increase the 
section properties of the member. One 
square inch of mild steel being equivalent 
to eight to fifteen square inches of concrete 
(depending on the ratio of the moduli of 
elasticity) it follows that its effect can be 
quite large. If the steel is in the compres- 
sion area it may be necessary to use heavy 
stirrups to prevent buckling. 

The designer is obligated to an accurate 
determination and appraisal of superim- 
posed loads. Usually codes require load ca- 
pacities which are the highest that can be 
expected to occur but only a very small 
portion of this loading may be permanent. 
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To minimize camber changes, members 
should be designed so that the stresses are 
very nearly uniform under permanent loads. 
To have full .camber control, specifica- 
tions should not be too rigid. Sometimes it 
is desirable to design a member so that if 
the full load is applied the extreme fibers 
will be high in tension. Of course safety is 
paramount and ultimate load factors must 
be maintained. For example, a roof slab, 
designed on the pretense of being conserva- 
tive, with no tension in the bottom fiber 
will generally have a greater camber and 
creep than one allowing tension for the 
loads which seldom, if ever, will be applied. 
Sometimes high camber and creep are ac- 
ceptable. Other times they are not, such as 
when partitions frame into the prestressed 
members, or with multi-span conditions 
when an uneven eave line would result. 
The points mentioned here are only quali- 
tative since they depend on the specific con- 
ditions of any design. Determination of 
these conditions necessarily has to be left 
to the individual judgment of the designer 
with respect to a particular problem. Once 
the design is established it is the responsi- 
bility of the producer to maintain uniform 
procedures in order to achieve uniform 
cambers. 
’ 3 
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One year ago, a prediction was made 
that the prestressing industry will rival 
the structural steel fabricating industry in 
size. I would like to change that predic- 
tion to say it will surpass the steel fabri- 
cating industry and will do it in the not 
too distant future. 


As an example of this rate of growth, 
consider the amount of prestressed produc- 
tion in Tampa. Two prestressing plants in 
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Tampa will probably produce $6,000,000 
worth of products in 1958. The output of 
these two plants is concentrated on stand- 
ardized products. An investigation of other 
high volume operations would show that 
success in prestressing has been built upon 
standardization. There is no question as to 
whether or not the industry will standard- 
ize. It has already standardized. Standard- 
ization was necessary even to get the 
industry started. The problem now is what 
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standard sections will become recognized 
for universal use throughout the country. 

I have here in my hand the steel hand- 
book of “Steel Construction” published by 
the American Institute of Steel Construc- 
tion. The engineer is so used to the stan- 
dards set forth by this book that he is 
inclined to think that these standards are 
of long standing in the steel industry. They 
are not. The American Institute of Steel 
Construction was founded in 1921. The 
first manual was based on the Standard 
Specification for the Design, Fabrication 
and Erection of Structural Steel for Build- 
ings as adopted by the Institute in 1923. 
Further revisions were made in 1936, 1941, 
1952 and 1956. Previous to this time, each 
mill published its own manual of standard 
sections. Each manual presented a different 
selection of sections. The decision to pub- 
lish a manual of sections to cover the entire 
industry was a great boost to the steel indus- 
try. It gave rolled steel sections a new 
standing in the eyes of the design engineer. 

Prestressing today is in a similar position 
to where the steel industry was in 1900. 
Each firm is still introducing entirely new 
sections. It is offering its own standards to 
the engineers in its trade areas. A few 
groups such as the Leap Associates, and 
those working with other consultants, have 
developed their own standards that have 
gained wide acceptance. For example, 52 
prestressed concrete products manufacturers 
now offer the 14 inch deep by 4 foot wide 
Double Tee roof slab. A great many firms 
produced the same cross section of Tee 
joists and Keystone joists. Bridge sections 
have made excellent progress toward ac- 
ceptance of common sections throughout 
the country. 

It is natural and proper that standard 
sections should develop in both the steel 
and the prestress industry as they have. A 
period of development, trial and accep- 
tance is desirable before too great a move- 
ment for nationwide standardization is at- 
tempted. During this period, the individual 
firms or associated firms will of necessity 
have to publish their own standards and 
manuals. From this group will finally evolve 
the standards for the entire industry. 

Before standards are frozen, we should 
be well through the inventive and develop- 
mental period of the industry. We need to 
be settled on specifications and criteria for 
design. Furthermore, time is needed for 
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the assimilation of design techniques by 
the industry. A better insight into the 
economic of design and fabrication will 
undoubtedly force a change in standards. 

New prestressed products are continually 
being introduced. Some of these have a 
great future. Requirements for fireproofing 
have not been clearly set forth. Thus we 
see a period of development ahead which 
will change our standards. Until this de- 
velopment phase has progressed further, we 
should encourage new products and new 
sections and discourage too great a freezing 
of standards on a national scale. 

It would be nice for the prestressed 
concrete fabricator of today to have a 
crystal ball to give him a picture of the 
industry’s accepted standards in five and 
ten years in the future. I am sure no one 
can make a correct prediction at this time. 
However, we can give some very good 
indication which will influence the future 
standards. 

Custom, or firm entrenchment of existing 
sections, will influence future standards. 
The Double Tee is today so popular that 
it is assured a standing with the standards 
of tomorrow. The most popular section 
now has a 2 inch thick flange 4 feet wide. 
It uses a 12 inch stem with a 2% inch 
width at its base and a slope of 1 in 12 
inches. 

Slight changes in one or more of the 
above dimensions will improve the applica- 
tion for specific conditions. For example, 
a high fire rating requires a thicker stem, 
however, this results in the use of more 
concrete and steel and an increase in the 
selling price of the product. For extra long 
spans, a deeper stem is required. Therefore, 
there are many variations. 

In selecting a new standard for produc- 
tion, an individual producer today has sev- 
eral guide posts that can be used effectively. 
These are as follows: 

(1.) Ease of forming. The selection of 
cross sections should lend itself to ease of 
forming both from the initial fabrication 
of the form as well as the labor required 
in the daily use of the form. The Tee sec- 
tions have found great popularity in the 
industry. One of their great assets is that 
they lend themselves to a very simple form 
which can be permanently set up. The 
product may be poured into these forms 
and removed from the form without dis- 
assembling or realigning. This feature of 
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easy forming applies to the Double Tee, 
the Tee joist, the channel and the Keystone 
joist. 

(2.) The loading demands will dictate 
very strongly the shape or depth of the 
section to be selected. For example, if there 
is a strong market for heavy loads and long 
spans in floor construction, then one would 
wish to consider more seriously the selec- 
tion of a Double Tee having a deeper stem. 
However, by making this selection, the 
producer has then automatically placed his 
short spans and light loads in a_ higher 
price bracket. 

(3.) Span requirements should be con- 
sidered in selecting standard members. For 
example, if roof span requirements are pre- 
dominantly in the 40 foot span range and 
less, then one would do well to consider 
the 4 foot wide Double Tee having a 14 
inch over-all depth of section. However, if 
the market is strong for the ranges of 40 
to 60 feet then a deeper section should 
certainly be considered. 

(4). Fire rating must of necessity be con- 
sidered before standard building sections 
are arrived at. Decision on fire rating is 
very difficult to make at this time. No 
authoritative standards have as yet been 
established which will indicate the fire 
rating to be obtained for any specific 
amount of concrete coverage over the steel. 
There is great danger that the individual 
plant, in making a decision on his standards 
for steel coverage, will select too high a 
figure and thereby price himself out of 
the high volume market. It must always 
be kept in mind that prestressed concrete, 
even with low coverage, will obtain a 
low fire insurance rate, far lower than 
exposed structural steel construction. 

(5). In selecting standards, camber control 
must certainly be considered. Certain sec- 
tions are inherently well suited for camber 
control while others present considerable 
difficulty. Also, consideration must be given 
to the sensitivity of the design to bowing 
or side warpage of the product. Slender 
joist sections have a tendency to bow and 
require very accurate form alignment and 
extremely accurate placing of the pre- 
stressing steel. 

(6.) Deflection considerations must be 
considered in selecting standards to be 
sure that deflections from design load or 
from overload are not excessive. 

(7.) Machine production should certainly 
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be considered. Sufficient development work 
has now been done on horizontal slip-form- 
ing to indicate that it will be used quite 
extensively by the industry within the next 
three to five years. Certain sections such 
as the Keystone joist and Tee joist lend 
themselves well to production by the hori- 
zontal slip-forming. These sections would 
permit an easy change from the forming 
system in pans to the slip-forming system 
if and when it becomes popular. 

(8.) Break-even points should be con- 
sidered for each new product to be pro- 
duced. Such a chart of cost and selling 
price plotted against percentage capacity 
of production will indicate the break-even 
point to be expected. Such a chart will 
indicate that the high profits in prestressing 
are to be made when operating each fa- 
cility at 100% of productive capacity. Cer- 
tain sections such as the Keystone joist lend 
themselves to standard lengths and to a pro- 
duction program for standardizing this 
permitting an approach to 100% of capacity 
production and to the high profit ranges. 

(9.) Versatility is one of the requirements 
for a prestressing plant catering to the 
building industry. It is uecessary to select 
standards that will cover a wide range of 
spans and loadings. It is also desirable to 
offer a joist which may be used with con- 
ventional deck materials. 

The industry has now accepted several 
basic cross sections. All of these sections 
have their particular field of application 
and would appear to be well established 
and will gradually be accepted and incor- 
porated into the nationwide design standards 
sometime in the future. For roof and floor 
slabs, the industry is now using the Double 
Tee, the channel and the flat slab. Some 
use has also been made of the prestressed 
joist with a poured-in-place decking. 

Of all the deck slabs, the Double Tee 
seems to offer the greatest economies and 
the lowest price. It may be used in a wide 
range of spans and loadings although for 
economy purposes, it competes better on 
the longer spans. However, it is used quite 
economically down to as low as 20 feet 
and may be used in the longer spans up 
to as high as 70 feet. Generally speaking, 
the more economical Double Tee will have 
a thin width of web and will have a 
depth of stem that is suited for the span 
and loading. Therefore, the 2% inch width 
stem at the bottom with a 12 inch depth 
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of section has worked out to be a very 
satisfactory selection for many marketing 
areas. This is particularly so when the spans 
are predominantly 40 feet and less. 

For floor construction, the Double Tee 
with a 2 inch poured-in-the-field topping 
has been very popular. There are now some 
proposals to produce Double Tees with a 4 
inch thick top flange, to place this member 
on the building and pour a three inch deep 
edge joint with an expanding grout or an 
epoxy alloy and then finish grind the floor 
in place similar to the grinding operation 
used in making terrazzo floors. 

The channel affords a deeper grout key 
at the edge joint. It is well suited to 
heavier load construction and to floors 
having higher concentrated loads. However, 
the channel section as a rule will. cost 
more than the Double Tee section. 

Flat slabs promise to have a very bright 
future in the prestressing industry. In the 
use of flat slabs, it is important to use 
sufficient thickness so that the member 
does not become too critical on camber 
control. The 4 inch thick flat slab for use 
on both floor and roof construction has 
been quite satisfactory in spans up through 
20 feet. 

For very heavy floor loads, it is possible 
to produce a channel or Double Tee section 
in the conventional Double Tee form having 
a very thick top flange and designed for 
flange bearing rather than for stem bearing. 
These top flanges can be made 4, 6, 8 or 
10 inches in thickness and will support very 
heavy superimposed loads. They also lend 
themselves well to blast resistant designs. 

For joist construction, three basic cross 
sections have become popular. These are 
the Tee section, the Keystone section and 
the I section. The I is basically a very fine 
structural member. It is used quite ex- 
tensively for both roof and floor construc- 
tion and is used in spans from 16 feet 
on up through 70 and 80 feet in length. 

The Tee section for joists appears to be 
gaining in favor very rapidly. The Tee 
has several inherent advantages. The first 
is that it may be made in a very simple 
form which when once set up and aligned 
accurately and held in this position may 
produce thousands of feet of product with- 
out ever disturbing the form. The Tee 
section is ideally suited for prestressing. 
The Tee may be easily designed so that on 
ultimate load, the steel will always govern 
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thus giving a deflection warning and elim- 
inating the hazard of brittle failure of the 
concrete. The Tee also has a very pleas- 
ing architectural appearance and is more 
suited to exposed joint construction than 
the I section. The Tee may also be made 
with quite a wide top flange to give. better 
control of lateral stability for handling and 
erection and to lessen the sensitivtiy to 
side warpage. The Tees lend themselves 
to a wide span range starting at 20 feet 
and going up through 70 to 80 feet. 

The Keystone joist may be made in very 
small sections and is ideally suited for short 
spans and light loads. The Keystone finds 
its large application in exposed beam ceil- 
ing construction using one of the conven- 
tional roof decks which is also left exposed 
to give a good texture and to furnish insu- 
lation and acoustical control. The Keystone 
will be used very widely for school build- 
ings, stores, offices and also in home con- 
struction. 

There has been less standardization of 
beam and girder construction in prestressing 
than in any other of the building members. 
It is too soon at this time to tell definitely 
which type of beam cross section will pre- 
dominate. At the present time, we have seen 
good examples on the use of the I beam, 
the rectangular beam, the inverted Tee 
beam, the Tee beam and the Ledger beam. 
It would appear that standardization will 
come very much later to the beams and 
girders. These members, of necessity, must 
often be custom designed to suit the job 
condition while it is relatively easy to 
select a short, standard member spanning 
from beam to beam. 

Standardization of prestressed members 
on a nationwide scale is definitely needed 
by the prestressing industry. It is felt 
that this condition can be brought about 
very easily in another three to five years 
by selecting the better sections then in 
common usage by the industry. This means 
that the industry at that time will need 
to agree on and publish a design manual 
which can be used throughout the nation 
by the architectural and engineering pro- 
fession. When this has been accomplished, 
we can truly say that prestressing has ar- 
rived at its proper place in the building 
field. At that time, it will also be clearly 
recognized that prestressing has outdis- 
tanced the structural steel fabricating in- 
dustry. 
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ITH prestressed concrete structures becoming more popular the method of showing 
details and prescribing the prestressing force should be standardized as much as possible. 
At present some engineers specify initial force and others the final or working force 
which is defined as the force remaining after losses due to creep and _ shrinkage of 
concrete and creep of steel have occurred. If more than one type of prestressing steel 
is permitted then specifying the initial force is not recommended as a different force 
is required for the various types of prestressing steel. 

Assume for a specific design the required working force is 480,000 lbs. in order 
to have zero stress in the bottom fibre and 2000 psi maximum compressive stress in the 
top fibre under full design load. The force of 480,000 Ibs. is required to remain perma- 
nently. Naturally the initial force must be larger than 480,000 lbs. in order to provide 
for the losses which result from creep and shrinkage of the concrete and creep of steel. 
If various types of steel are permitted to be used then specifying a 15% loss is not 
correct because regardless of type of steel used the loss of steel stress is approximately 
the same. For example, if alloy bars with an ultimate strength of 145,000 psi are used 
the working stress would be .66 X 145,000 = 87,000 psi. From the Bureau of Public 
Roads Criteria for Prestressed Concrete Bridges it is assumed that a loss of 24,000 psi 
is calculated from the empirical formula, 3000 + 11 f,, + .04 fi. Note that this 
formula does not distinguish between the various types of the steel. The area of alloy 


480 
bars required — —— = 5.52 sq. in. and the initial force would be (87,000 + 24,000) ; 
87 
612-480 
5.52 = 612,000 lbs. This loss is ———————_ or 21.6%. ; 
612 
For a wire system with 200,000 psi ultimate strength, the working stress is .6 200,000 
480 
psi and the area of steel required = ——- = 4 sq. in. The initial force would be 
120 
576-480 
(120,000 + 24,000) 4 = 576,000 Ibs. The loss is ——————— or 16.7%. 
576 
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For a wire system with 250,000 psi ultimate strength the working stress is .6 X 250,000 


480 
= 150,000 psi and the area of steel required — ——- — 3.20 sq. in. The initial force 
150 : 
556-480 
would be (150,000 + 24,000) 3.2 = 556,000 lbs. This loss is —-—————— = 13.7%. 
556 


From the above it is obvious that an initial force based on 15% losses cannot be 
specified if various types of steel are used. Since it is quite simple to specify the the final 
force and a specific loss of stress in the prestressing steel in pounds per square inch it 
is recommended that this procedure be adopted. If, however, only one ultimate strength of 
steel is specified then the percentage loss is not only a correct procedure, but it simplifies the 
calculations. 

It does not appear necessary to substitute in the empirical formulae given in the 
BPR Criteria to calculate losses for each and every design. It is known that these 
losses may vary between 20,000 psi to 30,000 psi. It is reasonable to assume a fixed 
loss of 24,000 psi for all cases. Regardless of what system is used in calculating these 
losses if they actually come within 3,000 to 4,000 psi of the actual losses the accuracy 
is sufficient. 

An examination of the BPR formula for losses (3,000 + 11 f,, + .04 fs:) and a review 
of the discussion on how it was developed (See BPR “Criteria for Prestressed Concrete 
Bridges,” pp 12 & 183) indicates that the losses calculated will be greater than actual 
in most cases. The first and last terms of the equation appear reasonable. The 11 f,, is 
based on 2.25 times the elastic deformation. The term “f,,” is defined as the concrete 
stress at the centroid of the steel. This will give high values for short spans with large 
live loads and possibly low values for long spans with relatively small live loads. Since 
the change in stress in the steel is based on 2.25 times the initial deformation it appears 








Pi 
more reasonable to calculate the initial deformation using the initial average stress ‘ 
A 
Pi 
Another argument in favor of using instead of f,, is that the concrete stress at the 
A 


steel varies through the length of the member and an “average” value would not mean 
the same thing in this case to all engineers. 











Pi 
Actually, if were used the losses can be fixed as previously discussed since in most 
Pi Pi 
cases varies between 1,000 psi to 1,600 psi. For = 1,000 psi the theoretical 
A 


loss would be 28,000+ psi. Therefore an average value of 24,000 psi appears to be 
reasonable for all but a very few cases. 

It is recommended in cases where the type of prestressing steel is not limited to 
one, the center of gravity of the prestressing steel be shown on the plans as indicated 
in Figure 1. Note that various values of “X” are shown on the plans. The purpose of the 
procedure is to permit the contractor to vary the eccentricity to fit the system of prestressing 
he elects to use. The effect of the various eccentricities can be easily evaluated. At the 
time of stressing the larger the value of “X” the smaller the top fibre tensile stresses or 
the larger the top fibre compressive stresses at midspan. The bottom fibre compressive 
stresses at mid span will remain the same. 


In order that the contractor can more easily fit in the anchorages in the end block 
it is recommended that the plans show the preferred location at the supports with a 
permissible variation on either side. As long as the location of the center of gravity of the 
prestressing force at the ends is in the kern there is usually no reason for limiting the 
location of the force to one point. 
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Prestressed concrete Sea-Wall 
during construction 
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Concrete Harbor 
Structures 


A. M. Ozell* and W. D. Heasley** 


*Professor, Civil Engineering Department, University of Florida, Gainesville, Fla. 
*°Formerly with Waylan Engineering Co., now with Portland Cement Association, Orlando, Fla. 


The use of prestressed concrete elements on harbor structures provides for crack-free, 
durable and economical structures. An example of such a structure is described below with 
only the highlights of the design and construction features presented. 

The total length of the sea-wall was 2,500 ft. requiring 22 ft. long king-piles for 
900 ft. length of the wall and 28 ft. long piles for the remaining portion. A_ typical 
cross-section of the wall and the loading diagram used in the design are given in Fig. 1. 

The bids were submitted on steel sheet piling (foreign) and the prestressed concrete 
king-piles and slabs. The prestressed concrete bid submitted by Juno Prestressors, Inc., 
West Palm Beach, Florida, came in at about 20 percent less than the steel sheet piling. 

Fig. 2 shows a typical section and elevation and Fig. 3 gives the cross-section and 
details of the king-piles and the slabs. 

The depth of penetration shown in Fig. 1 was by use of a conventional formula for 
sheet piling. The final pile design shown in Fig. 2 shows how 2 feet were saved on 
the slab depth by taking the extra 4 feet on the king-piles into account in the calculations 
of pressures, which resulted in material savings and greater ease of placing. 

The king-piles were driven in place by jetting while the adjustment and spacing of 
each pile was held true by means of a jig shown in Fig. 4. This particular jig set-up 
was not completely satisfactory, however, as it did not prevent the piles from spreading 
out at the bottom. It is believed that a deeper jig would have provided for better control. 
The equipment used in the placing of the king-piles and slabs consisted of one crane and 
one pump. The crane operator and two men formed the working crew. An average of 
six piles and slabs were placed during one working day. 

Fig. 5 shows the king-pile with the tapered slots provided for the slabs. The slabs 
extended only part of the pile length. Fig. 6 shows the slab with tapered sides and 
half-round furnished for grouting purposes. 
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FIG. 3 - CROSS SECTION OF SLABS AND KING PILES 
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Figure 4—Jig used in the alignment 
of King-Piles 


Figure 5—Prestressed concrete 


King-Piles 


Figure 6—Prestressed concrete slabs 
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PRESTRESSED CONCRETE INSTITUTE 








425 WW. E. FUT STREET 


BOCA RATON, FLORIDA 


MEMBERSHIP QUALIFICATIONS 


SCHEDULE OF DUES 


Anyone engaged in the production of prestressed concrete, or in the production of 
materials or equipment allied to the prestressing industry; licensed architects and 
engineers; engineers and architects in training, and students enrolled in accredited 
schools of architecture and engineering, are invited to apply for membership in 
oe nee Concrete Institute. Membership classifications have been established 
as follows: 


ACTIVE 


Organizations and individuals actively engaged in the 
production of prestressed concrete products. 


Annual Membership Dues $250.00 


ASSOCIATE 


Organizations and individuals engaged in the production 
of materials and equipment allied to the prestressed 
concrete industry. 


Annual Membership Dues $250.00 


PROFESSIONAL 


Limited to registered architects and engineers. 


Annual Membership Dues $ 25.00 


AFFILIATE 


Limited to supervisory and technical employees, non-graduate. 
Annual Membership Dues $ 15.00 


JUNIOR 


Limited to architects and engineers in training. 
Annual Membership Dues $ 15.00 


STUDENT 


Limited to students of accredited architectural 
and engineering schools. 
Annual membership dues, effective January 1, 1957 $ 10.00 


(For student members outside continental U. S., Canada included) $ 12.00 


Members receive the PCI JOURNAL, a quarterly technical publication, and 
PClItems, a monthly news bulletin, without additional cost, plus research bulletins 
and other information on prestressing as it becomes available. 
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PRESTRESSED CONCRETE INSTITUTE 








425 8s Sy FTE STR ERT 


BOCA RATON, FLORIDA 


APPLICATION FOR MEMBERSHIP IN PRESTRESSED CONCRETE INSTITUTE 
(A non-profit corporation) 


1. Name and address of company applying for membership: 














2. Name of person to represent company in Institute affairs: 





3. Type of membership applied for: 


[] Active (manufacturer) 
| have done the following types of prestressing: 
Post-tensioning 
Pre-tensioning 
Combination of both of above 
Precasting 
On-the-job post-tensioning 
On-the-job pre-tensioning 
Design 
[] Associate (related business) 


(cut along this line) 


OOOOUOO 


1 am in the business of 

















Junior (limited to architects and engineers in training) 

Student (limited to students of accredited schools of architecture 
and engineering) 

Name of School 


[] Professional (registered architect or engineer) 
| hold certificate No of the State of 

[]: Affiliate (limited to supervisory and technical employees, non- 
graduate) 

LJ 

C) 





| understand the financial arrangements and am not to make any pay- 
ment until approval of this application for membership. 


mee eK cs cr 


Signed: 
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SPECIAL PROCESS 


The Whiteley graphiting process 
inserts graphite into the plate 
under hydraulic pressure, pro- 
ducing permanent lubrication — 
these graphited plates will never 
be affected by moisture or tem- 
perature. The Whiteley plate is 
permanently lubricated when 
manufactured. Therefore, no ad- 
ditional lubrication at the time of 
field installation is necessary. 
Self-lubricating expansion plates 
available in thicknesses and sizes 
according to your specifications 
and needs. Supplied with graph- 
ite lubrication on one or both 
sides. 

Additional information and test 
reports available on request. 


THE 
Whiteley 


Bearing 


CORP. 
1238 S. Ashland Avenue 
Chicago 8, Illinois 
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eliminate 
field 
lubrication 


Exhaustive field tests have 
proved Whiteley graphited ex- 
pansion plates give anti-friction 
performance with an absolute 
minimum of field service, even 
under the most adverse condi- 
tions. These dependable, self- 
lubricating bronze plates are ap- 
proved by construction engineers 
for floating bearing linkage on 
heat exchangers, boiler vessels, 





and 


@ Other 
graphited 
bronze 
products 
that bear 
the WHITE- 
LEY name 
are Thrust 
Washers, 
Bearings— 
stand- 
ard loop 
grooved or 
the drilled 
hole type— 
and Bronze 
Bushings. 


bridges. 





PCI Journal 








New, Lower Cost 


Flexible 
POST TENSION CASING 





U-100WP 
(Wide Profile) 


ECONOFLEX 


Ask for Bulletin U-100WP 









Quality ... ALL METAL 
FLEXIBLE HOSE PRODUCTS 


UNIVERSAL 


1 a) Ge a | O)-) a OF 


2187 S. Kedzie Ave., Chicago 23, Ill. 


















ae PROFESSIONAL : 





This PROFESSIONAL SERVICES section 
has been established to enable engineers and 
architects to list the services they offer to 
the prestressing industry. Advertising rates 
are $10.00 per column inch. Copy should 
contorm with ethical standards for advertis- 
ing as established by the various profession- 
al associations which govern advertising of 
architects and engineers. Copy and inquiries 
should be directed to the JOURNAL Pubili- 
cation Office: 3132 N. E. 9th Street, Fort 
Lauderdale, Florida. 





WAYLAN ENGINEERING CO. 


Structural Consultants 


A. M. OZELL 
PAUL M. ZIA, Consultant 


Consultants in Prestressed Concrete 
Reinforced Concrete °* Steel Design 
47 East Robinson Avenue 
Orlando, Florida 








CONCRETE 


TESTERS 


The world’s finest low- 


cost precision testers. 


For 
CYLINDERS 
CUBES 
BLOCKS 
BEAMS 
PIPE 








If it’s a concrete tester 
you need—get in touch with 


FORNEY'’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 . NEW CASTLE, PA. 








LEAP ASSOCIATES 


Consultants to the 
Prestressing Industry 


P. ©. Box 1053 Ph MU 8-5631 
Lakeland, Florida 














Lakeland Engineering 
Associates, Inc. 
Professional Engineers 
P. O. Box 495 Phone Mutual 8-3971 


Lakeland, Florida 
Consultants in Prestressed Concrete Design 
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ATTENTION ! 
PRESTRESSED 
CONCRETE 
MFR’S ! 


Now . . . Prestressed 
Concrete Manufacturers 
can get the stress rods 
they need in the 
lengths they need and 
the diameter they need. 
Stress rods . . . anchor 
and bearing plates... 
jacking head _ bearing 
plates .. . threaded rods 

. coupling nuts... 
made to your specs. 
Write today for quotes 





and delivery. 


MIDLAND 


519 E. William 
Decatur, Illinois 


MACHINE CORP. 











P. C Items 





Published monthly by 


Prestressed Concrete 
Institute 


This lively illustrated news 
bulletin presents news of 
Institute activities . . . views 
of members facilities 

highlights outstanding pre- 
stressed concrete applications, 
and reports on latest develop- 
ments in research, production 
of prestressed concrete. 


Subscription $2.50 per year 


PCitems 


3132 N. E. Ninth Street 
Fort Lauderdale, Florida 
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ASSURES CONSTRUCTION 
PERMANENCE...SAVES 
MATERIALS, TIME AND 
MONEY... 













300,000 LBS. CAPACITY 
CONCRETE TESTER 





MODEL 
CT-900 A steel constructed and 
integrally welded Concrete Tester 


that is calibrated for accuracy 
using U. S. Bureau of Standards certified 
calibration apparatus. The CT-900 
meets ASTM and AASHO specifications for 
hydraulic testing machines and is accurate 
to within 1% of the indicated load. 









200,000 LBS. CAPACITY 
CONCRETE TESTER 





A sturdy, compact and 
entirely self-contained 
unit. Easily operated 
either by hand or by an 
electrical pump attach- 
ment. The CT-711 is 
also calibrated for accu- 
racy to within 1% of the 
indicated load. 


Many other units of Engineering Test Ap- 
paratus for Concrete Testing are available. 
Our New Catalog covers completely all 
testing equipment and accessories used 
in this field. Illustrated Bulletins describe 
in detail the Apparatus shown above. 


MWMTegf, 


4711 W. NORTH AVE., ee 39, ILLINOIS 


PCI Journal 


WRITE TODAY 
FOR COMPLETE 
INFORMATION 














SINGLE T DOUBLE T INVERTED T 


TRADE MARK 


OFFERS THE MOST COMPLETE LINE 
of CASTING FORMS EVER PRODUCED! 


| BEAMS PILINGS CUSTOM FORMS 


THE FORM-CRETE line of more than 22 basic forms represents 
the most versatile group of steel forms ever produced for casting pre- 
Stressed and precast concrete products. Each form has been carefully 
designed to insure a uniform, smooth edge product. Die-formed product 
release angles permit easy trouble-free stripping of product. Heavy- 
gauge steel construction means indefinite form life. What’s more, many 
Form-Crete forms can be quickly adapted to produce a variety of varied 
finished products. And where special needs call for a custom form, FMC 
has the know-how and facilities to turn it out quickly and efficiently. 
That is why we say, call on Form-Crete, rely on Form-Crete for the 
finest in steel forms delivered on time, when and where you want them. 


SEND FOR 

NEW CATALOG. 

Just off the press, this 
new Catalog illustrates 
all of the many 
Form-Crete forms 

now available including 
the new PCI and 
AASHO approved 
Bridge Beams. 


FOOD MACHINERY 4N2 CHEMICAL CoRPORATION 


LAKELAND, FLORIDA e RIVERSIDE, CALIFORNIA 


Please send me a copy of your new Catalog No. 300. 


NAME 
COMPANY. 


i STATE 





South Fork Bridge over South Fork of Holston River, Kingsport, Tenn. Owner: Ridgefields, Incorporated. 
Contractor: Blount Bros. Construction Company. Montgomery, Ala. Consulting Engineer: Mr. H.T.Spoden. 


450-Ft. Prestressed Concrete 
Vehicular Bridge Uses 53 Miles 
of Roebling Prestressing Wire 


Spanning the South Fork of the Holston 
River at Kingsport, Tennessee, this new 
bridge embodies the Freyssinet cable 
method of prestressing. These Freyssinet 
cables—as well as end anchorages, 
sleeves, grids, and jacking and grouting 
equipment—were supplied by the Inter- 
continental Equipment Company, Inc. 

Span lengths are 85, 90, 100, 90 
and 85 feet, for a total length of 450 
feet. Roadway width is 20 feet between 
curbs. Prestressing units consist of 8 
cables of 18 wires each in the 100-foot 
span, and 7 cables of 18 wires each in 
the 85- and 90-foot spans. Wire diam- 
eter is 0.196 inches. 

Roebling is now equipped to deliver 
cable assemblies composed of a speci- 


fied number of wires cut to the required 
length and assembled in flexible metal 
hose ready for placement in the forms. 
This is in addition to the standard 7-wire 
stress-relieved strand for pre-tensioned 
members, galvanized strand assemblies, 
and stress-relieved wire. 

Further, Roebling is always ready to 
furnish you with information and as- 
sistance on any phase of this remark- 
able and widely growing construction 
method. By writing to Construction 
Materials Division, John A. Roebling’s 
Sons Corporation, Trenton 2, New 
Jersey, you can avail yourself of pre- 
stressed concrete information on what- 
ever aspect most interests you. 


ROE BS Linc 


Branch Offices in Principal Cities 
Subsidiary of The Colorado Fuel and Iron Corporation 








